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INTRODUCTION— THE  PROBLEM 

The  object  of  this  study  was  to  determine  relatively  the  size  of 
the  field  of  distinct  vision  in  a  number  of  subjects  sufficiently  large 
to  reveal  characteristic  individual  differences,  and  then  to  correlate 
these  differences  with  other  phenomena  of  vision  and  with  reading 
rate.  It  was  the  hope  to  contribute  something  both  to  the  psycho- 
physiology  of  vision  and  to  the  psychology  of  reading. 

The  major  part  of  the  time  was  consumed  in  mapping  fields  of 
acute  vision.  Usable  data  were  obtained  from  eighteen  subjects, 
varying,  however,  greatly  in  degree  of  fulness.  Full  data  consisted 
in  the  exploration  of  four  meridians  in  the  visual  field,  this  being  done 
for  both  eyes  when  used  together,  and  for  each  eye  separately.  The 
work  was  done  tachistoscopically  with  the  n  and  the  u  of  ten  point 
type  as  the  units  of  vision. 

In  addition  to  the  size  and  shape  of  the  field  of  acute  vision, 
there  was  also  obtained  from  some  or  all  of  the  subjects  the  extent 
of  the  color  zones,  visual  acuity,  both  for  near  and  for  far  vision, 
retinal  sensitivity  or  inertia,  rate  of  perception  as  determined  by 
the  A  test,  attention  span  as  determined  by  the  number  of  short  ver- 
tical lines  simultaneously  seen,  controlled  association  time,  normal 
silent  reading  rate,  and  the  number  of  reading  pauses  per  line. 

These  various  items  were  not  only  correlated  with  the  extent 
of  acute  vision  but  also  among  themselves.  Especially  were  there 
many  correlations  made  with  reading  rate.  It  was  the  aim  to  deter- 
mine, if  possible,  to  what  extent  reading  rate  is  determined  by  the 
mechanism  of  vision  and  to  what  extent  by  the  rapidity  of  the  central 
eases. 

It  is  important  to  make  such  analyses,  probably  more  for  the  sake 
of  pedagogy  than  for  psychology;  but  before  psychological  facts   and 
principles  can  be  applied  in  teaching  they  musi  themselves  be  under- 
Before  we  can  teach  reading  with  scientific  intelligence  we 
rtain  all  the  essential  elements  and  conditions  of  the  read- 
process,  and  I  ;!v   mUSl  rtahl   to   what   extent    these 
under   the    teacher's    control.     To    what    extent,    for   example,    is 

readiriL'  dependent    upon    comparatively    unalterable    natural 

•  nt  ujhhi  variable  methods  of  instruction? 

i   and  others  of  a  similar  nature  cannot    be 

full  -red.  but  we  an-  beginning  t"  see  where  the  problems  lie. 

tained  ••■.<•  musi  transfer  our  investigations  from 

ad'.  children.    Bo  Ear,  experiments  have  been  almost  entirely 

h  adull  eading  habit-,  were  already  well  estab- 
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lished.  This  has  been  necessary  in  order  to  obtain  an  analysis  of 
the  reading  process  in  its  finished  form.  But  once  having  ascertained 
its  different  factors,  the  next  logical  step  is  to  attack  the  genesis  of 
the  process.  It  is  here  that  we  should  learn  most  for  pedagogical 
control,  but  we  would  no  doubt  also  gain  psychological  information 
not  obtained  from  adults. 

The  ocular  condition  of  the  subjects  that  took  part  in  this  in- 
vestigation is  to  a  certain  extent  indicated  in  some  of  the  tables  that 
follow,  especially  Tables  XI  and  XIII,  but  as  this  was  an  investiga- 
tion primarily  in  vision,  a  few  additional  facts  may  be  noted.  Sub- 
jects J.  M.,  G.  B.,  S.  F.  and  W.  B.  had  no  known  defects;  G.  S.,  H.  W. 
and  H.  C.  were  slightly  hypermetropic;  E.  W.,  W.  R.,  F.  H.,  J.  S.,  F. 
B.,  L.  W  and  E.  D.  wore  glasses  for  astigmatism,  but  only  in  the  last 
three  was  the  defect  at  all  marked.  The  data  from  E.  D.  were  dis- 
carded, with  the  exception  of  the  reading  test.  H.  R.,  F.  C.  and  P. 
L.  wore  glasses  for  myopia,  and  A.  A.  was  slightly  myopic  and  in  the 
left  eye  astigmatic.  She  also  wore  glasses.  The  defects,  where  pres- 
ent, with  the  exception  of  the  hypermetropic  cases,  had  been  corrected 
by  glasses,  which  the  subjects  were  permitted  to  wear  during  the  ex- 
periments. 

This  research  was  conducted  in  the  psychological  laboratory  of 
Columbia  University  between  March,  1906,  and  May,  1907.  My 
acknowledgments  are  due  to  Professor  J.  McKeen  Cattell,  in  whose 
class  on  "individual  differences"  the  problem  arose,  and  under  whose 
personal  guidance  the  research  was  conducted;  to  Professors  R.  S. 
Woodworth  and  E.  L.  Thorndike  for  valuable  suggestions  and  criti- 
cisms; to  Dr.  W.  A.  Holden  for  making  the  ophthalmoscopic  examina- 
tions; to  L-  P-  Siceloff  for  mathematical  assistance;  and  to  the  persons 
who  gave  me  so  generously  of  their  valuable  time  in  acting  as  sub- 
jects. Their  number  alone  forbids  their  separate  mention.  I  cannot 
forbear  acknowledging  the  constant  assistance  of  my  wife,  Hazel  Pietsch 
Ruediger,  which  made  this  early  publication  of  the  study  possible. 


PART  I— HISTORICAL 

Researches  in  the  field  of  indirect  vision  may  be  roughly  divided 
into  three  classes. — those  pertaining  to  the  sensitivity  of  the  periph- 
eral retina  to  color,  those  pertaining  to  its  sensitivity  to  light,  and 
those  pertaining  to  its  sensitivity  to  forms,  or  its  acuity  for  distin- 
guishing objects.  Varying  numbers  of  studies  have  been  made  in 
each  of  these  fields.  The  color  sense  has  been  most  assiduously  ex- 
plored, the  most  painstaking  and  also  the  most  recent  extensive  study 
being  that  of  John  Wallace  Baird.1  Less  has  been  done  in  the  other 
two  fields  but  they  too  have  not  been  neglected.  Mention  need  be 
made  at  this  point  only  of  the  work  of  Kirschmann,2  Wertheim,3 
and  Wirth.4 

The  first  published  account  of  an  attempt  to  explore  the  retina  with 
a  view  to  determine  the  form  and  extent  of  its  sensitive  surface  we  owe 
to  Dr.  Thomas  Young.0  In  a  lecture  before  the  Royal  Society  of  Lon- 
don, in  1800,  he  said: 

The  visual  axis  being  fixed  in  any  direction,  I  can  at  the  same  time  see  a 
luminous  object  placed  laterally  at  a  considerable  distance  from  it ;  but  in  various 
directions  the  angle  is  very  different.  Upwards  it  extends  to  50  degrees,  in- 
wards to  60,  downwards  to  70,  and  outwards  to  90  degrees.  These  internal 
limits  of  the  field  of  view  nearly  correspond  with  the  external  limit  formed  by 
the  different  parts  of  the  face,  when  the  eye  is  directed  forwards  and  slightly 
downwards,  which  is  its  most  natural  position  ....  The  whole  extent  of  perfect 
vision  is  little  more  than  10  degrees;  or  more  strictly  speaking,  the  imperfection 
begins  within  a  degree  or  two  of  the  visual  axis,  and  at  the  distance  of  5  or  6 
degrees  becomes  nearly  stationary,  until,  at  a  still  greater  distance,  vision  is  wholly 
extinguished.     The  imperfection  is  partly  owing  to  the  unavoidable  aberration 

-lirjue  rays,  but  principally  to  the  insensibility  of  the  retina The 

motion  of  the  eye  has  a  range  of  about  55  degrees  in  every  direciton,  so  that  the  field 
of  perfect  vision,  in  succession,  is  by  this  motion  extended  to  no  degrees  (pp. 

he  Color  Srn  itr.ity  ><j  th.    I'.nplieral  Retina,    Washington,     1005.      The 
reader  is  referral  to  this  study  for  :i  summary  of  the  literature  in  this  field  and 
1  bibliography 

1  Augu  niann,     '  UebCf    'lie    Helli^keitseniplitidung    im    indirectem 

Sehen,'  I'hd  Stud  ,  V,  pp.  447   407 

'Th    Wcrtheim,  '  I'eber  die  uidir  <  harfe,'  Zttck.  f.  I'syth    u    I'hwiol., 

*  Wm.  Wirth    'Dk  Klarheitsgradt  der  RcgioDCfl  des  Sehfelds  \x  1  \<i'<hied- 
Verteiluni<en  drr  Aufrnerksamkeit,'  I'htl   ShtditH,  June.    1906 

1  Phtloiophuai  Tram  ictiont,  V,  91,  iSOl,  p   1  iff 
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Young  does  not  indicate  in  detail  how  he  obtained  these  results, 
but  he  experimented  roughly  with  objects  and  'luminous  points.' 

Purkinje1  studied  the  acuity  of  indirect  vision  by  placing  knitting 
needles  into  a  graduated  paste-board  arc,  in  whose  center  the  eye 
was  situated,  and  observing  the  distinctness  with  which  they  ap- 
peared when  he  fixated  one  of  them. 

The  first  actual  measurements  of  retinal  acuity  are  given  by 
Hueck.2  He  made  a  comparative  study  of  the  acuity  of  direct  and 
indirect  vision.  The  latter  he  investigated  by  means  of  black  dots, 
lines,  and  squares  of  various  dimensions  on  a  white  background,  de- 
termining how  far  from  the  fixation  point  and  with  what  size  retinal 
image  they  could  still  be  distinguished  or  recognized.  He  gives  his 
results  in  a  number  of  tables,  the  essentials  of  one  of  which  are  here 
reproduced.  He  found  that  lines  fused  according  to  the  following 
data: 


Visual  angle  of  the 

Deviation  from  the 

retinal  image 

fixation  point 

I'    30" 

V.8 

2'   33" 

2° 

2'  59" 

6° 

5'  46" 

8° 

13'  45" 

ii° 

14'  55" 

14° 

21'  55" 

20° 

Volkmann  introduced  the  method  of  momentary  illumination 
with  the  electric  spark,  in  order  to  eliminate  the  disturbing  influence 
of  eye  movements.3  He  endeavored  to  determine  the  sensitivity 
of  the  peripheral  retina  in  several  ways.  First  he  determined 
at  what  distance  from  the  eye,  at  various  angles  from  the 
center,  round  black  dots  on  white  paper  could  still  be  recognized. 
He  calculated  the  retinal  images  and  compared  them  with  the  smallest 
image  that  could  be  perceived  at  the  center.  He  repeated  the  ex- 
periment with  an  upright  thread  of  a  spider  web  and  obtained  angles 
only  one-tenth  as  large  as  those  from  the  dots.     The  only  conclusion 


1  Johannes  Evangelista  Purkinje,  Beitrage  zur  Physiologie  der  Sinne, 
1825.  For  the  data  from  Purkinje  I  am  indebted  to  Aubert,  Physiologie  der 
Netzhaut,  Breslau,  1865,  pp.  336-337.  The  original  sources  were  not  accessible 
to  me  at  the  time  of  writing. 

2  Mueller's  Archiv.,  1840,  pp.  81-97. 

8  Handworterbuch  der  Physiologie  (Wagner's),  III,  1,  1846,  p.  3321. 
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he  draws  at  this  point  is  that  the  acuity  decreases  rapidly  from  the 
center. 

Volkmann  next  ascertained  the  smallest  retinal  image  with  which 
two  parallel  lines  could  be  distinguished  on  various  parts  of  the  retina. 
The  experiment  duplicated  the  work  of  Hueck.  but  he  obtained  visual 
angles  about  ten  times  as  large  as  those  of  Hueck.  Volkmann  noticed 
this  discrepancy  but  made  no  attempt  to  explain  it.  The  results 
of  later  investigators  show  Hueck  to  have  done  the  more  careful 
work. 

Aubert  and  Foerster  set  themselves  a  problem  in  some  respects 
similar  to  mine.1  They  determined  both  the  extent  and  the  shape 
of  the  field  of  vision  within  which  certain  units  could  be  recognized. 
Their  experiment  they  varied  in  a  number  of  ways  and  they  obtained 
some  significant  results. 

In  the  first  experiment  to  be  noted  they  eliminated  the  influence 
of  eye  movements  by  illuminating  the  objects  to  be  recognized  with 
an  electric  spark.  As  such  objects  they  used  numbers  and  letters 
printed  on  paper  charts  2  feet  wide  and  5  feet  long.  These  charts 
they  mounted  on  horizontal  rollers  so  that  the  field  could  be  changed 
between  every  two  exposures.  This  prevented  the  subjected  from 
becoming  familiar  with  any  part  of  it.  They  used  four  charts  with 
characters  of  different  sizes  and  at  various  distances  apart;  and  they 
employed  ten  distances  varying  from  .1  to  1  meter  between  the  sub- 
ject and  the  chart.  They  found  that  "the  larger  the  angle  made 
by  the  line  of  direction  of  an  object  with  the  line  of  sight,  the  larger 
must  the  visual  angle  of  the  object  be  in  order  to  be  recognized," 
ind  that  "with  a  constant  visual  angle  of  the  characters, 
small  near  characters  fan  Ix;  recognized  on  a  larger  area  of  the  retina 
than  large  distinct  character-"  (p.  _' fO). 

The  latter  peculiarity  attracted  Aubert's  attention  and  he  inves- 

.   it   further,   this  time   with    constant     illumination.     Various 

<-s  from   the  fixation   point    were  again   used,  a  definite  point 

waa  fixated,  and  the  object-  to  he  recognized  were  shifted  in  and  out 

in  various  planes.     The  apparatus,  by  means  of  which  definite  posi- 

I  the  head  and  oh.'  ecured,  need  not  hen;  Ik*  described.3 

'•o   black  square-   upon   white   paper  were   used.     Their 
rl    were   the   same   as   their   Lengthfl   of  side,    which    were 

fid  i  mm.    These  dimensions  gave  the  Bame  visual 
loom  of  L000,  nx).  and  200  mm.  respectively. 

■zhnut,  p; 

'    i  lll'l   nil    i!.  ,\,   i  >(•     (it. 
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In  the  horizontal  meridian  the  average  of  four  observations  gave 
the  following  angular  extents  of  the  visual  fields: 

For  20  mm.  squares,  distant  1000  mm.,  390 

"       8  mm.       "  "  400  mm.,  540 

"       4  mm.        "  "  200  mm.,  670 

When  the  visual  angle  was  changed  to  34'  the  results  were: 

For  8  mm.  squares,  distant  800  mm.,  350 

"    4  mm.       "  "         400  mm.,  430 

More  tables  are  given  by  Aubert,  but  it  is  sufficient  to  say  that  the 
data  agreed  closely  with  those  obtained  by  the  method  of  momentary 
illumination.  With  the  same  visual  angle,  small  near  objects  may 
be  recognized  in  a  larger  extent  of  the  retina  than  large  far  objects; 
and  for  the  same  object  a  fairly  constant  ratio  exists  between  the 
size  of  the  visual  angle  of  the  object  and  its  deviation  from  the  fixa- 
tion point.  On  the  other  hand,  when  the  distance  of  the  object  is 
kept  constant,  the  deviation  at  which  the  object  may  be  recognized 
increases  more  slowly  than  the  visual  angle  of  the  object. 

To  explain  this  puzzling  phenomenon,  as  he  calls  it,  Aubert  as- 
sumed that  in  accommodation  for  distinct  vision  occurred  a  distor- 
tion of  the  rod  and  cone  layer  which  disturbed  the  passage  of  the  rays 
of  light.  The  assumption  that  accommodation  for  the  peripheral 
regions  of  the  retina  is  less  perfect  in  distant  than  in  near  vision  he 
rejects.  The  shifting  of  the  node,  owing  to  changes  in  accommoda- 
tion, does  not  explain  the  phenomenon  either,  for  that  should  give 
just  the  opposite  result. 

In  the  experiment  with  momentary  illumination  both  Foerster 
and  Aubert  noticed  that  more  characters  could  be  seen  in  the  horizon- 
tal than  in  the  vertical  direction.  This  led  them  to  a  more  careful 
exploration  of  the  various  meridians  in  order  to  ascertain  how  the 
sensitivity  of  the  retina  decreased.  They  did  this  again  with  con- 
stant illumination.  They  used  a  flat  surface,  the  center  of  which  was 
fixated,  and  they  proceeded  much  as  is  frequently  done  in  mapping 
the  color  zones.  They  recognized  that  they  might  have  used  an  arc, 
but  as  they  explored  only  a  small  field  near  the  fixation  point,  they 
regarded  this  unnecessary.  As  objects,  they  used  this  time  round 
black  dots,  2.5  mm.  in  diameter  and  14.5  mm.  apart.  Both  Foerster's 
and  Aubert 's  eyes  were  tested,  and  eight  meridians  were  explored  in 
each  eye.  Irregular  horizontal  oblongs  were  obtained  which  differed 
both  between  the  subjects  and  for  the  separate  eyes,  showing  that 
the  capacity  of  the  retina  to  perceive  distinctly  two  points  decreases 
very  unequally  in  the  various  meridians,  and  it  is  different  for  each 
eye. 
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From  the  time  Aubert  and  Foerster  published  their  work,  noth- 
ing appeared  in  the  literature  on  the  acuity  of  indirect  vision  till  1S73. 
In  that  year  Dor  published  a  study  on  Beitrdge  zur  Electrotherapie 
der  Augenheilkunde,1  in  which  he  gave  determinations  of  the  acuity 
from  the  center  out  as  far  as  40  degrees.  During  the  following  ten 
or  twelve  years  a  large  number  of  studies  appeared,  but  since  1884 
little  activity  has  been  manifest  in  this  particular  field. 

All  the  investigators  during  this  period  aimed  to  determine  the 
acuity  of  peripheral  parts  of  the  retina  relative  to  the  center. 
They  all  used  the  perimeter  method,  with  constant  illumination,  and 
they  varied  little  from  the  lines  laid  out  by  Hueck.  Volkmann,  and 
Aubert  and  Foerster.  As  units  of  vision  Dor,1  Dobrowolsky  and 
Gaine,2  and  Hirschberg3  used  Snellen  test  types:  Matthiessen4  used 
six  letters  from  Monoyer's  table;  Schadow5  used  the  letter  E;  Konigs- 
hofer*  used  black  dots;  and  Landolt,7  Butz,8  and  Charpentier9  used 
black  squares  of  different  sizes. 

The  results  obtained  vary  no  more  than  one  would  expect  from 
the  different  procedures  followed  and  from  the  individual  differences 
of  the  subjects.  Within  15  degrees  of  the  center  all  the  investigators 
found  little  difference  between  the  inner  and  the  outer  radii,  and  be- 
tween the  upper  and  the  lower.  Beyond  15  degrees  the  fields  were 
usually  found  to  be  largest  on  the  lateral  side,  with  the  inner,  lower, 
and  upper  sides  coming  in  the  order  mentioned.  Landolt  found  the 
lower  field  to  be  the  largest,  with  the  lateral  next;  Konigshofer  found 


1  H.  Dor:  Archu  j.  Opktk.,  1-7;.  3.  p.  321! 

1  Dobrowolsky  and  Gaine,  'Uber  die  Sehseharfe  (Formsinn)  an  der  Periph- 
erie der  Netzhaut,"  Archiv.  j.  d.  Gesamte  Physiologie,  Rd.  XII,  1876. 

'  Hirschberg,  'Uber  graphische  Darstellung  der  Netzhautfunetion,'  Archiv. 
}.  anal,  u    PI 

*  I.udwig  Matthiessen,  'Ueberdk  rfidi&re  Aiwlehnung  des  Sehfeldes  und  die 
Allometropie  des   Auges  \>e\   indirectem    Schen,'  Arch,  j.  (>ph!h.,  AAA,  [884. 

1  Schadow,  'Die  I.i<  htsempfindlu  hkeit  der  peripheren  Net  /haul  teile  im 
Verhalniss  zu  deren  Kaum  und  Parbenams,1  Archiv.  f.d.ges.  Physiol.,  XIX,  1X79, 

P  4 

hofer,    /'■/     lh  tinctioi  n    ■/.  >    peripheren    TeiL    dn 

haut,  Inaug  Disvri  ,  Briangen,  iv;'<  (Data obtained  from  Charpentier'a 
- 

itidolt,  ihin.U'uih  dei  iugenheiihunde,  Graefe  und   Laemuch, 

III      (Data  obtained  from  Cbarpentiex'i  review  1 

'  R     I'.ut/,  'I  nt<-r-uc  lmn;;cii  ulx-r  die  physiologist  he    PunCttOfl    der    I'eripli 

1  I         \nai  u   Ph)  ioi  .  1881,  p  4  <;f 

*A   Charprntier,  'I>e  hi  vivion  ave<    les  divervs  |>arties  <]e  la  r«tine,'    l«/n; 
dt  I  ■  -.,,/  ,  IV.   1877,  pi'    "'/.»   'H*. 
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the  inner  field  the  largest;  and  Schadow  found  the  lower  field  follow- 
ing the  lateral  in  size.  These  variations  may  be  owing  both  to  the 
differences  in  the  methods  employed  and  to  the  differences  in  the 
eyes  tested. 

The  effect  of  practise  received  special  attention  by  Dobrowolsky 
and  Gaine.  Its  influence  was  found  to  be  great.  A  unit  that  was 
just  recognized  30  degrees  from  the  center  on  the  first  trial  was  recog- 
nized 45  degrees  from  the  center  on  the  fifteenth  trial,  and  60-65  de- 
grees from  it  after  three  and  one-half  months  of  practise.  Schadow 
attributed  some  of  the  individual  differences  he  found  to  the  differ- 
ences in  amount  of  practise. 

The  amount  of  work  done  by  these  investigators  in  the  studies 
mentioned  varied  greatly.  The  acuity  of  indirect  vision  frequently 
comprised  but  a  part  of  their  problem,  a  large  share  of  their  time  also 
being  given  to  ascertaining  the  sensitivity  of  the  peripheral  retina  to 
light  and  to  color.  Butz  apparently  tested  but  one  eye,  the  left  eye  of 
his  assistant;  Charpentier  explored  two  inner  fields;  Dor,  Landolt,  and 
Matthiesen  each  used  two  subjects  and  explored  four  radii  in  each 
eye;  Hirschberg  explored  eight  radii  in  both  eyes  of  three  subjects; 
and  Dobrowolsky  and  Gaine  worked  on  the  effect  of  practise  with 
twelve  eyes.  Schadow  aimed  to  allow  for  individual  variations  and 
so  explored  four  radii  in  the  eyes  of  nine  subjects.  He  thought  that 
the  discrepancies  between  the  work  of  other  investigators  might  be 
owing  to  individual  differences,  and  this  point  was  well  substantiated. 
He  found  that  the  diameters  connecting  points  of  corresponding 
acuity  in  the  eyes  of  his  subjects  varied  as  2-1,  and  that  women 
had  larger  fields  than  men.  Owing  to  the  small  number  of  subjects, 
the  conclusion  in  regard  to  sex  differences  is  not  safe.  My  data  re- 
vealed no  such  differences. 

The  reason  why  the  acuity  decreases  as  we  pass  from  the  center 
to  the  periphery  of  the  retina  has  been  considered  and  investigated 
by  a  number  of  men.  Aubert  tested  the  matter  in  several  ways  and 
concluded  that  the  difference  was  owing,  in  the  main,  to  the  anatomical 
structure  of  the  retina.  This  is  the  conclusion  reached  also  by  Do- 
browolsky and  Gaine,  and  by  Wertheim.1  In  addition  to  the  structure, 
Dobrowolsky  and  Gaine  attributed  some  of  the  differences  in  acuity 
to  practise,  but  practically  none  to  the  greater  faintness  of  the  image 
and  to  the  aberration  of  light.  Wertheim  made  an  attempt  to  cor- 
rect for  imperfect  refraction  on  the  peripheral  retina  by  means  of 
lenses,  but  without  effect.     Every  test  and  consideration  points  to 

1  Th.  Wertheim,  'Uber  die  indirecte  Sehscharfe,'  Zeitsch.  f.  Psych,  u.  Physiol., 
Vol.  VII,  pp.  172-187. 


HISTORICAL  13 

the  conclusion  that  by  far  the  largest  factor  in  causing  the  decline 
in  acuity  must  be  looked  for  in  the  structure  of  the  retina. 

Pietsch  and  Wertheim  worked  a  decade  later  than  the  group  of 
men  just  mentioned.  Wertheim  determined  the  relation  between 
the  acuity  of  direct  and  indirect  vision  in  his  own  eyes.  As  units  he 
used  five  small  wire  gratings,  circular  in  form,  with  dimensions  of  such 
size  as  to  give  equal  visual  angles  at  the  distances  employed.  The 
gratings  simultaneously  with  the  fixation  point  were  moved  toward 
and  away  from  the  eye.,  and  the  point  at  which  the  bars  were  just 
visible  was  determined.  The  results  are  given  in  a  table,  and  graph- 
ically in  two  figures.  Within  fifteen  degrees  of  the  center  he  found 
little  difference  between  the  inner  and  the  outer,  and  between  the 
upper  and  the  lower  radii.  But  beyond  fifteen  degrees  he  found  that 
"the  acuity  of  vision  decreases  most  rapidly  above;  a  little  less  rapidly 
below:  still  more  slowly  on  the  medial  side;  and  most  slowly  on  the 
lateral  side.  For  example,  if  one  represents  the  central  visual  acuity 
by  1.  the  acuity  thirty  degrees  from  the  fixation  point  becomes: 
lateral  0.072,  medial  0.056,  below  0.044,  above  0.039.  At  forty  de- 
grees these  become:  lateral  0.051,  medial  0.04,  below  0.032,  and  above 
0.023"  (p.  184  I.e.). 

Pietsch  determined  the  influence  of  various  conditions  of  refrac- 
tion on  the  extent  of  the  visual  field.1  He  used  a  Foerster  perimeter 
and  explored  the  fields  of  seven  emmetropic,  twelve  myopic  and  eleven 
hypermetropic  eyes  with  white,  blue  and  red  papers  5  mm.  square, 
and  he  concluded  that  for  hypermetropic  eyes  the  fields  are  a  trifle 
lareer  than  for  emmetropic  eyes,  namely  2  degrees  for  white,  3  de- 
grees for  blue  and  from  1-2  degrees  for  red.  For  myopic  eyes  the 
fiel'  -mailer.  — 2  decrees  for  white.  6-7  degrees  for  blue  and  4  de- 

grees for  r> 

The  tachistoscopic  rtudy  of  reading  has  yielded  some  data 
that flbould  be  noted  hen-.     Cattell,  with  whose  researches  the  tachis- 

toecopif  study  of    the  reading  process  Ih-ltjui.  investigated  also  the 

of  the  simultaneous  grasp  of  consciousness.     Be  exposed  in 

fall-chronometer  for  ;i  time  of  ten  sigma  short  vertical  lines,  num- 

words,  and  sentences,  and  found  that   consciousness 

■•    »ualy  grasp  from  3  6  lines,  approximately    the    Same 

Dumber  of  letters  and  numbers,  two  or  three  and  occasionally  four 
vllahle.  and  sentences  composed  of  from  three  to  seven 

.     i.lmutif  idUlftidi  un.i   forbtgt     Ob 

en,   Dissertation,   Breslan,  1896      (Data 
"1  from  review  in  Ztii  ck  j  P  ydui ,  XIV,  p  47; 
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words.1  In  sentences  about  three  times  as  many  letters  were  seen 
as  when  they  were  unconnected,  and  when  words  formed  sentences 
about  twice  as  many  were  read  as  when  they  were  unconnected. 
This  was  taken  to  mean  that  words  and  even  sentences  were  read  as 
wholes. 

Erdmann  and  Dodge  duplicated  these  experiments  of  Cattell 
and  obtained  closely  corresponding  results.  They  found  that  infalli- 
bly four,  and  generally  five  letters  could  be  recognized  and  alphabetic- 
ally reproduced  when  exposed  for  100  sigma.2  Four  or  five  times  as 
many  were  read  under  similar  conditions  when  they  formed  words. 

These  investigators  also  exposed  a  page  of  Helmholtz's  Physio- 
logische  Optik  and  determined  roughly  how  much  of  the  text  could  be 
seen  simultaneously.3  Letters  were  recognized  about  20  mm.  from 
the  fixation  point,  both  to  the  right  and  to  the  left,  and  10  mm.  from 
it  up  and  down. 

Huey  found  in  exposing  sentences  without  context  that  four 
subjects  recognized  on  the  average  words  or  parts  of  words  over  a 
horizontal  extent  of  24.49  mm.4  The  individual  variations  were 
large,  extending  from  11.25  mm.  to  34.88  mm.  The  largest  amounts 
seen  varied  from  40  to  50  mm. ,  with  an  average  of  46  mm.  The  aver- 
age amounts  read  to  the  right  and  to  the  left  of  the  fixation  point 
were  nearly  equal,  but  those  for  particular  exposures  were  frequently 
very  different.  Whenever  much  was  seen  to  one  side  of  the  fixation 
point,  the  chances  were  that  little  was  seen  on  the  other  side. 

Hamilton  obtained  results  closely  similar  to  those  of  Huey.5  In 
one  table  that  he  gives  it  is  shown  that  five  subjects  read  on  the  aver- 
age an  extent  of  37.3  mm.  when  the  words  formed  sentences,  27.6  mm. 
when  the  words  formed  phrases,  and  15.8  mm.  when  the  words  were 
unconnected.  The  average  amounts  read  to  the  right  and  to  the 
left  of  the  fixation  point  were  again  nearly  equal.  One  subject, 
however,  read  uniformly  more  to  the  left  than  to  the  right.  The 
largest  amount  read  per  fixation  by  Dearborn's  subjects  when  reading 
from  a  newspaper  was  28.2  mm.,  but  ordinarily  the  amount  fell  short 
of  this.6 

1  J.  McKeen  Cattell,  'Ueber  die  Traegheit  der  Netzhaut  und  des  Sehcen- 
trums,'  Philosophische  Studien,  Vol.  Ill,  pp.  121-127.     Brain,  V,  VIII. 

2  Psychologische  Untersuchungen  uber  das  Lesen  auf  Experimenteller  Grund- 
lage,  Halle,  1898,  Chapter  5. 

3  Op.  cit.,  pp.  39-41. 

4  E.  B.  Huey,  American  Journal  0}  Psychology,  Vol.  XI,  p.  300. 

5  F.  M.  Hamilton,  an  unpublished  study. 

6  W.  F.   Dearborn,  The  Psychology  of  Reading,  this  series,  Vol    I,  No.  4, 

P-  23- 
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These  experiments  cannot  be  taken  to  measure  the  retinal  ex- 
tent of  clear  vision,  or  to  indicate  individual  differences  in  this  re- 
spect, and  are  not  so  taken  by  the  investigators.  What  they  do  meas- 
ure are  certain  forms  of  mental  grasp,  which,  as  will  be  shown  later, 
do  not  correlate  in  any  significant  way  with  the  size  of  the  field  of  dis- 
tinct vision.  The  amount  read  per  fixation,  for  example,  does  not 
depend  on  the  amount  that  can  be  seen,  but  on  the  amount  that  can 
be  assimilated. 


PART  II— METHODS  AND  RESULTS 

As  has  already  been  mentioned  in  the  introduction,  I  set  myself 
the  task  of  ascertaining  in  a  number  of  persons  the  fields  of  acute 
vision  relative  to  a  given  visual  unit.  It  was  the  aim  to  map  a  suffi- 
ciently large  number  to  bring  out  characteristic  individual  differences, 
which  could  then  be  correlated  with  reading  rate,  the  color  zones, 
visual  acuity,  retinal  inertia,  and  other  phenomena  of  vision. 

The  difference  in  the  size  of  the  fields  in  different  persons  would 
be  indicated  by  the  varying  distances  from  the  fixation  point  at  which 
they  could  recognize  similar  objects.  The  determinations  could  be 
made  in  one  of  several  ways.  Heretofore  they  have  usually  been 
made  in  work  of  this  nature  by  the  method  that  may  be  called  the 
perimeter  method.  In  this  method  the  subject  maintains  steady  fixa- 
tion while  the  visual  unit  is  moved  toward  or  away  from  the  fixation 
point  at  a  definite  distance  from  the  eye.  With  a  practised  subject 
and  in  work  requiring  the  unit  to  be  brought  no  nearer  than  about  10 
degrees  this  may  be  satisfactory,  but  with  unpractised  subjects  and 
in  explorations  within  10  degrees  of  the  fixation  point,  it  is  not  satis- 
factory. An  unpractised  subject  cannot  maintain  sufficiently  steady 
fixation,  and  it  is  questionable  that  a  practised  one  can  in  the  condi- 
tions indicated.  The  eye  reacts  reflexly  to  peripheral  stimuli  so  that 
a  desire  to  maintain  steady  fixation  is  of  little  avail.  It  is  the  instinc- 
tive tendency  of  the  eye  to  bring  everything  that  appears  in  the  periph- 
eral field  to  the  point  of  clearest  vision. 

The  influence  of  eye  movements  may  be  eliminated  either  by 
momentary  illumination,  or  tachistoscopically  by  short  time  ex- 
posure. In  this  experiment  it  was  eliminated  by  means  of  the  tachis- 
toscopic  method.  The  time  of  exposure  must  be  less  than  the  reac- 
tion time  of  the  eye.  This  Dodge1  has  shown  to  be  rather  more  than 
160  sigma.2  So  as  to  be  well  within  the  limit,  an  exposure  time  of 
50  sigma  was  used.  For  distances  within  10  degrees  of  the  fixation 
point  this  gave  better  results  than  longer  times;  in  fact,  for  a  few  sub- 
jects, 35  sigma  gave  sightly  better  results  than  50.  A  longer  exposure 
time  tended  to  make  the  exposed  letter  appear  entirely  black,  so  that 
recognition  was  difficult  or  impossible. 

Fifty  sigma,  however,  was  not  the  total  time  of  the  impression 
on  the  retina.  The  background  being  a  dull  black,  reflecting  about 
6  per  cent  of  the  light,  the  after-image  materially  prolonged  the  retinal 
impression.     This,  of  course,  in  no  way  interfered  with  the  experi- 

1  Psychological  Review,  Vol  6,  p.  481. 

2  1  sigma  =  .001  sec. 
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ment.  Eye  movements  being  excluded,  I  wanted  the  impression 
to  be  as  clear  as  I  could  well  get  it. 

As  exposure  apparatus,  the  Cattell  fall-chronometer  was  used  for 
the  horizontal  meridian,  and  a  pendulum  screen  for  the  vertical  and 
the  oblique  meridians.  Both  of  these  instruments  expose  the  object 
in  the  light  for  which  the  eye  is  adapted.  My  experiments  were  uni- 
formly made  by  daylight. 

The  fall-chronometer  was  not  suitable  for  the  vertical  and  the 
oblique  meridians  for  two  reasons.  In  the  first  place,  the  object 
above  the  fixation  point  would  always  be  exposed  sooner  than  the  one 
below,  and.  secondly,  the  exposure  time  would  be  shorter  for  the 
lower  object  than  for  the  upper,  owing  to  the  increase  in  the  speed  of 
the  falling  screen.  These  two  factors  might  prove  decidedly  disturb- 
ing and  were  eliminated  by  the  use  of  the  pendulum  screen.  This 
particular  apparatus  was  also  devised  by  Professor  Cattell,  for  another 
purpose,  and  worked  as  smoothly  and  satisfactorily  as  the  fall-chro- 
nometer. 

The  met  hod  of  operat  ion  of  t  he  t  wo  inst  rument s  used  is  so  well  known 
that  it  need  not  be  described.  The  exposure  time  of  the  pendulum 
was  ascertained  with  the  Hipp  chronoscope,  and  that  of  the  fall  screen 
both  with  the  chronoscope  and  by  means  of  the  formula  for  falling 
bodies.  The  discrepancy  l>etween  the  two  determinations  was  small, 
showing  that  friction  retarded  the  screen  but  little. 

The  point  of  fixation,  directly  in  front  of  the  center  about  which 
the  letters  to  l>e  recognized  were  distributed,  was  composed  of  a  small 
bead  of  dried  glue,  attached  to  a  taut,  horizontal  human  hair  in  each 
apparatus.  This  hair  was  securely  fastened  to  the  apparatus  so  that 
it  would  nor  -hake  or  move  out  of  place  during  the  progress  of  the  ex- 
periment. 

The  die  n  the  fixation  bead  and  the  card  was  in  each 

rument    about    three   millimeters.     This   disturbed   the   clearness 

of  the  image  very  little,  if  at  all,  for  letters  exposed  at  the  fixation 

point  were  not   missed.     With  most,  if  not  with  all  of  the  subjects, 

lighl  disturbance  thai  was  possible  was  overcome 

immodating  f or  the  'ard  instead  of  the  bead.     In  my  own  case 

m  well  aware  of  this.     I  could  accommodate  at  will  for  cither  the 

bead  or  the  card,  and  in  the  '-ours*,'  of  the  experiment  accommodated 

uniformly  for  the  card. 

the  nature  of  the  apparatus  used,  the  letters  were  ex- 
posed in  a  plane  instead  of  a  surface  corresponding  to  the  horopter. 

ed  more  than  7.f>  decrees  from  the  li 
those  far-  arcely   two   millimeters   farther 
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from  the  eye  than  the  point  fixated.  This  was  not  enough  to  cause 
any  appreciable  amount  of  disturbance,  especially  in  indirect  vision 
when  accommodation  is  not  exact  anyway. 

The  screen  in  each  apparatus  was  held  up  by  an  electro-magnet, 
of  which  the  subject  himself  controlled  the  switch.  This  enabled 
him  to  release  it  just  when  he  had  his  eyes  properly  focused.  As  an 
attention  signal  the  word  "now"  or  "ready"  was  given  after  the 
card  to  be  exposed  had  been  put  in  place. 

The  making  of  the  exposure  cards  presented  a  number  of  prob- 
lems. First  of  all  came  the  selection  of  units  to  be  recognized  or  dis- 
tinguished. Upon  their  size  and  characteristics  the  resulting  field 
obviously  depends.  Just  as  the  extent  of  the  color  zones,  so  the 
extent  of  acute  vision  is  a  relative  affair.  They  both  depend  upon 
the  nature  of  the  stimulus  employed.  Aubert  and  Foerster,  it  will 
be  remembered,  found  that  the  extent  on  the  retina  on  which  an  ob- 
ject could  be  recognized  depended  both  upon  the  size  and  the  char- 
acter of  the  object  used,  and  upon  its  distance  from  the  eye.  I  found, 
for  example,  that  at  the  same  distance  from  the  eye,  a  capital  M  and 
a  capital  W  three  millimeters  high  could  be  distinguished  at  about 
twice  as  big  an  angle  from  the  line  of  sight  as  an  n  and  a  u  one  and  one- 
half  millimeters  high. 

What  we  should  have  is  a  standard  set  of  units  for  experiments 
in  vision.  Ordinary  printed  letters  and  numbers  do  not  answer  the 
purpose  because  they  are  not  visible  with  equal  ease,  and  especially 
because  type  from  different  fonts  is  too  variable.  The  n  and  the  u, 
for  example,  printed  from  one  font  of  ten  point  type,  need  not  be  com- 
parable in  distinguishability  with  the  same  letters  printed  from  an- 
other font  of  ten  point  type. 

Perhaps  the  most  desirable  units  would  be  small  natural  objects 
closely  similar  in  form  that  could  be  obtained  the  world  over.  But 
them  we  may  at  once  dismiss  from  the  discussion,  because,  as  far  as 
I  am  aware,  none  are  available.  The  alternative  is  to  look  for  units 
in  the  printer's  art.  They  might  perhaps  be  drawn  to  accurately 
described  dimensions,  but  that  would  not  be  entirely  satisfactory. 
Only  an  expert  draftsman  could  make  them,  and  then  one  could  not 
be  sure  that  any  two  draftsmen  would  follow  the  directions  in  pre- 
cisely the  same  way. 

From  the  printer's  art  any  number  of  suitable  units  could  be  ob- 
tained. Dots,  lines  and  various  kinds  of  geometrical  forms  of  stand- 
ard dimensions  suggest  themselves.  A  good  unit  would  be  a  hook, 
composed  essentially  of  a  square  with  one  side  open.  Being  as  wide 
as  tall,  it  could  be  faced  in  four  different  directions  and  there  would 
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be  nothing  but  the  open  side  as  a  clue  to  its  position.  These  hooks 
would  thus  furnish  six  different  pairs  of  units  to  distinguish.  A 
standard  set  should  include  a  dozen  or  more  different  sizes  varying 
in  dimensions  from  a  certain  small  fraction  of  a  millimeter  to  eight 
or  ten  millimeters.  This  would  furnish  a  choice  for  many  different 
kinds  of  work. 

Practically  the  same  desideratum  would  be  met  by  capital 
E  s.  such  as  are  now  used  in  testing  visual  acuity.  These  should  also 
be  as  wide  as  they  are  tall.  Another  possible  unit  would  be  a  circle 
with.  say.  one-eighth  of  the  circumference  left  open.1  This  would 
have  the  advantage  of  furnishing  a  still  larger  number  of  units  than 
either  the  hook  or  the  E.  In  some  work  this  might  save  a  great 
amount  of  time  in  making  the  determinations. 

No  standard  set  of  units  being  available.  I  resorted  to  printed 
letters.  In  selecting  these,  clear,  evenly  printed  ten  point  type, 
which  was  available  in  a  supply  of  reprints,  was  chosen.  The 
letters  answered  the  demands  of  the  experiment  very  well.  They 
were  large  enough  to  be  recognized  about  four  degrees  from  the  fixa- 
tion point  at  30  cm.  from  the  eye.  thus  yielding  a  field  of  sufficient 
and  convenient  size:  and  they  were  small  enough  to  be,  in  the  main, 
unrecognizable  eight  degrees  from  the  fixation  point,  the  extent  of 
the  field  available  in  the  fall-chronometer,  in  the  size  this  instrument 
-  lally  constructed. 


i. 


>/ 


Kg.  I. 

lex  having  settled  upoo  the  style  of  letters  to  use.  the  problem 
of  placing  them  on  cards  presented  itself.     Bere  there  were  four  pos- 

llustrated  I  jure  I.     One  letter  could  l>e  placed  at  the 

a  point,  and  two  others  equidistant  from  it  (No.  1):  two  could 

from  the  fixation  point  with  none  at  the  center, 

ould  Ik*  placed  at   the  center  and  one  in  the  margin,  in 

•i  from  the  fixation  poinl    (No.  3);  or,  finally,  one  could 

n  the  I  with  none  at   the  fixation  point    (No.    t). 

possibilit  re  tried  out  in  the  preliminary  experi- 

ments.     No.     1     proved    clearly    too    complex    for    the    purpOSB    of    the 


••ell 
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study.  Three  letters  can  be  recognized  and  named  on  short  exposure 
when  printed  close  together  and  looked  at  directly,  but  even  then 
they  approach  the  limit  of  the  attention  span  in  some  people.  But 
this  task  for  the  attention  becomes  too  great  when  two  of  the  letters 
are  seen  indirectly.  The  subjects  frequently  said  that  they  had  recog- 
nized all  three  of  the  letters,  but  after  naming  one,  could  not  remem- 
ber the  others. 

The  same  objection  holds  in  a  less  degree  against  No.  2  and  against 
No.  3.  Had  the  experiment  been  one  in  attention  span,  this  would 
not  have  been  an  objection ;  but  for  my  purpose  it  completely  vitiated 
the  results  I  was  after.  It  was  not  my  aim  to  measure  any  qualities 
of  attention  or  mental  grasp,  but  to  ascertain  the  sensitivity  of  the 
retina  for  small  differences  in  form  as  one  passes  from  the  fovea  to  the 
periphery,  the  tax  upon  the  attention  being  at  the  minimum.  Clearly 
this  requirement  would  be  best  satisfied  by  the  conditions  of  No.  4, 
provided  that  fixation  could  be  maintained  by  the  subject.  This 
proved  to  be  a  smaller  difficulty  than  one  might  suppose.  It  was 
readily  overcome  by  letting  the  letter  be  just  as  likely  to  appear  on 
one  side  as  on  the  other,  no  matter  which  meridian  was  being  ex- 
plored. As  there  were  never  less  than  eight,  and  usually  from  twelve 
to  twenty-four  cards  in  a  series,  which  were  frequently  shuffled,  the 
subjects  had  no  chance  to  keep  track  of  individual  cards,  and  none 
attempted  it.  At  first,  three  of  the  subjects  tried  a  few  times  to  an- 
ticipate the  side  on  which  the  letter  might  appear,  but  the  disappoint- 
ment on  having  it  then  appear  on  the  other  side  was  too  great  and  they 
soon  gave  it  up.  They  learned,  too,  that  one  could  make  the  best 
record  by  maintaining  steady  fixation  at  the  point  indicated  for  the 
purpose. 

The  simple  arrangement  of  No.  4,  which  proved  to  be  entirely 
satisfactory,  was  therefore  adopted.  It  gave  the  attention  never  more 
than  one  simple  thing  to  do,  thus  letting  the  results  depend  almost 
entirely  on  the  acuity  of  the  retina.  Besides  taxing  the  attention  of 
the  minimum,  this  arrangement  was  also  well  suited  to  bring  out  any 
differences  that  might  exist  in  the  acuity  of  the  opposite  sides  of 
the  retina.  Had  the  letters  appeared  on  the  opposite  sides  simul- 
taneously this  would  have  been  much  more  likely  to  cause  complica- 
tions. 

In  the  preliminary  experiments  most  of  the  letters  of  the  alpha- 
bet were  used.  It  was  some  time  before  it  occurred  to  me  to  use 
just  two,  and  have  them  distinguished.  The  two  letters  selected 
were  "n"  and  "u",  which  are  herewith  reproduced  in  the  quotation 
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marks.1  These  letters  are  very  much  alike  in  form,  and  to  distin- 
guish them  one  must  see  them  with  some  distinctness.  A  vague 
outline  impression  is  not  sufficient.  One  of  the  chief  gains  in  using 
two  letters  came  in  working  up  the  results.  It  allowed  the  method 
of  "right  and  wrong  cases'  to  be  applied  in  large  part. 

The  letters  were  pasted  upon  pieces  of  white  cardboard.  The 
distances  from  the  fixation  point  generally  used  were  10.  15,  20,  25, 
30.  35.  and  40  mm.,  or  1.91.  2.S6.  3.81,  4.76.  5.71.  6.65  and  7.60  degrees. 
These  answered  the  purpose  very  well  except  for  one  subject,  J.  R.  S., 
who  had  an  abnormally  small  field.  For  him  the  distances  5,  7.5 
and  10  mm.  exhausted  the  range  from  distinct  to  entirely  indistinct 
vision.  The  letters  were  mounted  so  that  the  center  was  the  re- 
quired distance  from  the  fixation  point.  Any  other  arrangement, 
it  seemed,  would  introduce  slight  inequalities.  Care  was  taken  to 
select  only  perfect  letters,  printed  with  clear  black  lines,  uniform  from 
letter  to  letter.  The  cards  were  examined  frequently  and  whenever 
a  letter  had  become  perceptibly  worn  it  was  replaced.  The  cards, 
too,  had  to  be  changed  often,  owing  to  their  becoming  soiled. 

-  as  to  avoid  complications  coming  from  the  direction  of  atten- 
tion, it  was  the  aim  to  expose  the  cards  of  all  the  distances  used  with 
one  subject  in  one  series.  This  was  done  in  the  main,  but  it  occa- 
ally  happened  that  farther  or  nearer  distances  had  to  be  explored 
after  the  experiment  had  been  in  progress  for  some  time.  The  re- 
sults so  obtained  were  carefully  compared  with  those  obtained  when 
the  '.ere  all  in  one  series.     It   was  thought   that   the  subject, 

knowing  the  di  -  at  which  the  letters  would  appear,  might  direct 

his  attention  accordingly.     No  effect   coming  from  the  influence  of 
L9  noticeable,  however.     This  is  really  what  should  have  been 
expected,  because  the  letters  l)eing  as  likely  to  appear  on  one  side  as 
•he  other,  the  subject  could  not  direct  his  attention  to  any  par- 
ticular point.     B  this  was  evident   I  continued  in  my 
aim            'ore  all  the           tcee  together,  so  as  to  get  the  data  for  all 
milar  conditions. 

The  apparatus  was  so  placed  that   the  fixation  point   was  about 

.  from  the  cornea,  or  :'><)  cm.  from  the  crossing  point  of  the  lines 

ofd  .  in  the  eye,  which  is  about   7. 'J  mm.  back  of  the  cornea. - 

:icy  of  the  d;  maintained   by  means  of  a  guard 

resting  on  the  root  of  the  nose.    Thia  distance  was  very  close  to  the 
tding  distance  and  wai  adhered  to  for  all  the  subjects, 

the  type  from  wi.  •  print «-< I  I  .mi  indebted  i<>  Mrs. 

F.  C.  Krrsv  «>f  DiUoi  I  'li<-  Dillon  Esamii 

;>    ro6 
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save  one.  This  subject,  G.  S.,  was  far-sighted,  and,  after  having  ob- 
tained some  data  from  him  at  30  cm.,  the  distance  was  changed  to  40 
cm.  This  enabled  him  to  accommodate  with  greater  ease  and  his 
results  showed  greater  regularity,  especially  with  the  letters  nearer 
the  fixation  point.  Only  the  results  obtained  at  the  farther  distance 
were  retained,  but  this  would  scarcely  have  been  necessary  because 
the  averages  in  the  two  sets  of  data  differed  little  from  each  other. 
This  being  true,  no  attempt  was  made  to  adjust  the  results  for  distance 
in  order  to  make  them  comparable  with  those  obtained  from  the  other 
subjects.  They  appear  to  be  comparable  as  they  stand.  What 
was  gained  by  bringing  the  image  of  the  letter  nearer  to  the  center 
of  the  fovea  seems  to  have  been  lost  by  decreasing  the  size  of  that 
image.  The  extent  upon  the  retina  on  which  an  object  can  be  recog- 
nized depends  directly  upon  the  size  of  the  object,  and  inversely  upon 
its  distance  from  the  eye. 

In  this  part  of  the  research,  data  were  obtained  from  eighteen 
subjects,  but  not  the  same  amoimt  from  each.  That  from  eleven 
only  was  regarded  sufficient  to  be  tabulated  in  detail  (Tables  I  to  VII). 
From  the  remaining  seven,  however,  enough  were  obtained  to  be  used 
in  the  correlations.  The  deviation  at  which  the  letters  could  be  dis- 
tinguished seventy-five  per  cent  of  the  time  was  determined  with  a 
fair  degree  of  assurance  in  all,  and  the  ninety  per  cent  deviation  in 
three  (see  Table  VIII). 

The  chief  reason  why  more  could  not  be  obtained  from  these, 
and  why  full  data  could  not  be  obtained  from  each  subject,  was  the 
limitation  in  the  amount  of  time  that  could  be  given  to  the  work, 
especially  by  the  subject.  To  get  full  data  from  one  subject  required 
approximately  thirty  hours.  This  is  clearly  too  much  time  to  give 
to  one  subject  in  a  study  purporting  to  ascertain  individual  differ- 
ences, and  indicates  that  the  method  adopted  is  not  feasible  for  this 
kind  of  work.  Something  more  rapid  is  needed  when  individual 
differences  are  looked  for,  so  that  more  ground  may  be  covered.  This 
might  be  achieved  by  using  as  a  unit  the  circle  with  one-eighth  of  the 
circumference  left  open.  This  would  allow  but  one  chance  in  eight 
to  guess  its  position,  whereas  the  n  and  the  u  allowed  one  chance  in 
two.     Results  could  therefore  be  obtained  more  rapidly. 

Full  data  from  a  subject  consisted  in  the  exploration  of  four 
meridians,— the  horizontal,  the  vertical,  and  two  oblique  meridians 
midway  between  these,  i.  e.,  at  forty-five  degrees,  this  to  be  done  for 
both  eyes  together,  and  for  each  eye  separately.  All  these  meridians 
were  explored  in  only  four  subjects.  In  three  others  the  horizontal 
and  the  vertical  meridians  were  explored  in  both  eyes  and  in  each 
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eye  separately ;  in  three  more  these  two  meridians  were  explored  in 
both  eyes;  and  in  one  all  four  meridians  were  explored  in  both  eyes. 
In  the  remaining  seven  subjects  some  data,  usually  twenty  judgments 
at  each  distance  of  the  letter  from  the  fixation  point,  were  obtained 
from  the  horizontal  and  the  vertical  meridians  in  both  eyes,  and  in 
each  eye  separately. 

The  data  obtained  in  this  part  of  the  research  are  tabulated  in 
Tables  I  to  VIII.  Table  VIII  is  essentially  an  abbreviation  of  the 
others,  except  Table  VII,  together  with  the  data  less  thoroughly  as- 
certained. In  it  only  two  points  in  each  meridian  explored  are  given 
for  each  subject,  the  point  at  which  ninety  percent  of  his  judgments 
were  correct,  and  at  which  seventy-five  per  cent  were  correct.  Where 
these  figures  were  not  given  in  the  data  as  found,  they  were  deter- 
mined arithmetically  from  the  percentages  on  each  side.  In  doing 
this,  it  was  assumed  that  the  variation  in  acuity  between  the  two 
points  was  uniform.  An  error  resulting  from  this  assumption  can 
be  but  small,  for  the  points  were  always  slightly  less  than  one  degree 
apart,  or  five  mm.  on  the  card  seen  in  the  field. 

The  tables  give  the  distances  of  the  n  and  the  «  from  the  fixation 
point,  both  in  millimeters  and  in  degrees.  The  number  of  judg- 
ments has  reference  to  the  number  of  n's  and  of  «'s  distinguished, 
and  the  figure  in  each  case  applies  to  two  columns  of  averages.  The 
number  of  letters  distinguished  on  the  right  side  and  on  the  left  side 
of  the  fixation  point,  or  above  and  below,  was  the  same  for  any  pair 
of  corresponding  points,  hence  the  numbers  needed  to  be  printed 
but  once.  One  hundred  judgments  means  fifty  series,  for  in  each  series 
of  cards  exposed,  both  an  n  and  a  u  appeared  at  each  point  explored. 
In  addition  to  the  average,  both  the  M.  V.  and  the  P.  E.  are  given. 
In  working  up  the  data,  the  average  of  ten  judgments  was  arbi- 
trarily, taken  as  a  unit.1  The  variability  was  therefore  not  reck- 
oned from  as  many  figures  as  there  were  judgments,  but  from  one- 
tenth    as    many. 

The  variability  of  the  averages  must  be  looked  upon,  in  part,  not 
as  being  due  merely  to  chance,  but  as  the  result  of  observable  factors. 
The  chief  of  these  were  the  condition  of  the  subject  and  the  vari- 
ability of  the  retina.  The  retina  fluctuates  in  sensitivity,  a  fact 
noticed  by  all  the  subjects.  At  apparently  irregular  intervals  let- 
ters far  out  appeared  as  clear  as  those  nearer  did  at  other  times. 
An  appeal  to  eye  movements  will  not  explain  this  phenomenon  be- 

1  It  seemed  that  any  smaller  number  would  be  an  inadequate  unit,  and  it 
may  be  that  twenty  judgments  would  have  made  a  better  one  than  ten.  In 
most  instances  this  would  have  produced  a  slightly  smaller  P.  E. 


METHODS  AXD  RESULTS  25 

cause  the  letters  appeared  clearer  in  all  directions,  and  the  intervals 
lasted  from  several  seconds  to  a  minute  or  more. 

The  retina  is  also  responsive  to  bodily  conditions.  So  much  is 
this  the  case  that  a  test  like  ours  might  be  used  to  measure  a  person's 
physical  condition,  and.  perhaps,  fatigue. 

The  effect  this  factor  had  is  best  illustrated  by  some  results. 
Subject  J.  M.  worked  one  day  when  he  was  not  feeling  well.  The 
results  from  fifty  judgments  in  the  vertical  meridian  for  the  distances 
2".  25.  and  30  mm.  averaged,  above  the  fixation  point.  76%,  76%, 
and  62  -  gainst  95%,  78%,  and  72%  at  other  times:  and  below 
the  fixation  poinr.  -  7"     .  and  58*  .    as  against  100< ,  .  90*  ( .  and 

it  other  times.     The  field  had  contracted  fully  two  degrees. 
3     en  serit  -  ined   in    the    vertical   meridian   from    P.   L.,   while 

suffering  from  a  cold,  averaged  !  57     »  71%,  and  71'  ,   as  against 

73  and  78'  .  above,  and  71%,  43'  ,  .  43'  ,  .  and  04'  as 
against  81  83  ,  63  .  and  57'  ,  l>elow.  The  most  conspicuous 
feature  here  is  the  erratic  nature  of  the  results  obtained  when  ill. 
The  subject  knew  he  could  not  see  well  and  that  he  was  guessing, 
and  he  asked  not  to  have  the  results  counted.  Experience  soon 
taught  me  not  to  work  with  a  subject  when  he  was  not  feeling  tolera- 
bly well,  or  when  he  had  been  making  excessive  use  of  his  eyes. 

mparatively  little  of  the  variability  is  owing  to  the  effect  of 

The  extents   over   which  the  letters  could  be  distinguished 

■er  cent  of  the  time  in  the  first  twenty  series  were  compared  with 

those  in  the  last  twenty  series.     In  eight  subjects  from  whom  forty 

re  series  were  obtained  when  looking  with  both  eyes,  four  had 

:;itly  lar.  -  in  the  last  twenl  -  than  in  the  first  twenty, 

tents.     This  was  true  both  in  the  bori- 

i  in  the  vertical  directions.     In  the  horizontal  direction 

1  from  <).").(')  mm.  to  67.4  nun.  while  in  the 

tion  they  decreased  from  45.7  to    15.2  nun.     This  indi- 

when  both  ed  the  effect  of  practise  was  nearly, 

if  n  to. 

tt  when  thi  !y.  practise  had  Mime  influence. 

when  using  the  right  eye, 

the    letter-    <>\er    larger    extent-    in    the    hist 

than  iti  by,  and  five  out  of  six  did  so  in  the 

•u-  changed  respectively  from 
ind  froi  ■  mm.  bo  17.3  mm.     When  using 

■   proved  in  the  horizontal  direc 
rbical  direction.    The  ;> 

/'•d  from  64.4  nun.  t      •  mm.  and  from    1 1. Minn,  to  H.I 
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mm.  This  improvement  with  the  single  eyes  was  very  likely  owing 
to  the  fact  that  the  subjects  became  accustomed  to  using  one  eye. 

When  one  eye  was  used,  the  view  of  the  other  eye  was  inter- 
cepted by  means  of  a  black  piece  of  cardboard,  which  was  fastened 
to  the  head-rest.  It  came  about  an  inch  in  front  of  the  eye  and 
disturbed  the  subject  very  little.  In  fact,  after  a  little  practise  most 
of  the  subjects  were  seldom  conscious  of  its  presence. 

The  meaning  of  the  averages  given  in  the  tables  require  a  word 
of  explanation.  They  are,  of  course,  not  proportional  to  the  visual 
acuity.  A  region  with  a  percentage  of  75  is  not  three-fourths  as  acute 
as  one  with  a  percentage  of  just  barely  100.  It  is  more  nearly  one- 
fourth  as  acute.  A  percentage  of  50  means  that  the  acuity  for  the 
units  employed  is  zero.  They  may  still  be  seen  but  can  no  longer 
be  distinguished.  Pure  guessing  should,  in  the  long  run,  give  us  that 
figure. 


DOWN 
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Fig.  II. 


5     0      5     10     15    20    25   30   35mm 
Right  eye,  vertical 

The  relation  of  the  acuity  of  a  sense  quality  to  the  percent  of 
right  cases  is  given  in  a  table  by  Fullerton  and  Cattell.1  In  that  table 
an  acuity  that  gives  75  percent  of  right  cases  is  taken  as  unity. 
Ninety-one  percent  of  right  cases  indicates  an  acuity  twice  as  great; 
63  percent,  about  one-half  as  great;  57  percent,  about  one-fourth  as 
great;  and  so  on.2  The  steps  in  acuity  between  equal  differences  in 
the  scale  of  percents  are  not  equal.  They  are  comparatively  short 
in  the  region  of  seventy-five  percent  and  longer  toward  both  extremes. 

1  The  Perception  of  Small  Differences,  Phila.,  1892,  p.  16.  The  table  is 
reproduced  by  Sanford,  Experimental  Psychology,  p.  354;  and  by  Thorndike 
Mental  and  Social  Measurements,  p.  164. 

2  The  validity  of  this  relation  has  not  been  fully  demonstrated  empirically. 
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A  few  illustrations  of  the  relation  between  the  retinal  acuity  and 
the  corresponding  percent  of  right  cases  found  in  our  experiment  are 
shown  graphically  in  Figures  II.  III.  and  IV.  These  figures  corre- 
spond to  the  size  of  the  field  as  found.  The  abscissae  indicate  the 
deviations  from  the  fixation  point,  given  in  millimeters  in  the  lower 
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half  of  the  figures  and  in  degrees  in  the  upper  half.    The  ordinates 

in  the  lower  part  of  each  figure  are  marked  off  in  equal  steps  corre- 

•    lecreaee  i r j  percenl  of  right  i     •      and  in  the  upper 

i  off  in  equal  Step.1-  ''orre.-ponding  to  the  decrease 
in  retinal  acuity.     I ;  <■  acuity,  just  keen  enough  to  distinguiafa  the 

umtv.    The  detenninations  from  four  miI>- 
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jects,  right  eye,  vertical  meridian,  are  plotted  in  Figure  II;  those 
from  four  subjects' left  eye,  horizontal  meridian,  in  Figure  III;  and 
those  from  five  subjects'  both  eyes,  horizontal  meridians,  in  Figure  IV. 
No  striking  differences  between  the  lines  in  the  upper  and  the  lower  part 
of  the  figures  are  manifest.  The  lines  in  the  upper  part  are  more 
nearly  straight  than  those  in  the  lower  part,  which  indicates  that, 
as  one  goes  out  from  the  fovea,  the  retina  loses  its  acuity  in  the  main 
gradually. 

When  comparisons  are  made  between  the  lines  themselves,  and 
between  those  coming  from  different  subjects,  certain  differences 
become  apparent. 

The  lines  coming  from  the  different  subjects  ascend  with  unequal 
rapidity,  indicating  different  modes  of  decrease  in  retinal  acuity. 
This  is  illustrated  in  Figure  IV  by  subjects  J.  M.  and  W.  R.  and  other 
illustrations  may  be  found  in  the  tables.  No  doubt  there  is  here  a 
normal  variation  from  a  small  to  a  large  indistinct  field. 

When  the  lines  are  compared  among  themselves  it  is  noticed 
that  some  descend  to  points  lower  than  they  have  already  attained. 
This  indicates  a  higher  percentage  of  right  judgments,  and  conse- 
quently a  gain  in  visual  acuity,  as  a  point  farther  from  the  center 
of  the  fovea  is  reached.  Where  the  descent  is  small  it  may  be  owing 
to  chance,  but  this  is  certainly  not  always  the  explanation.  The 
subjects  were  usually  distinctly  aware  of  the  fact  that  there  were  places 
at  which  they  could  not  see  well. 

About  half  of  the  subjects  felt  that  it  was  more  difficult  to  dis- 
tinguish the  letters  20  or  25  mm.  from  the  fixation  point  than  at  the 
next  distance  farther  out,  and  this  shows  in  the  results.  Nearly  all 
the  regressions  in  Figures  II,  III,  and  IV,  for  example,  occur  between 
25  and  30  mm.  from  the  center.  When  the  letter  was  25  mm.  from 
the  fixation  point,  its  image  fell  approximately  one  millimeter  from 
the  center  of  the  fovea,  a  distance  corresponding  closely  to  its  radius.1 
There  is  a  depression  in  the  yellow  spot  about  the  fovea  centralis, 
and  it  may  be  that  the  slope  of  this  depression  is  less  acute  than  points 
just  beyond.  This  might  well  be,  because  an  image  falling  on  this 
slope  would  be  somewhat  distorted.  The  reason  why  an  irregularity 
corresponding  to  this  point  does  not  appear  in  all  the  records  may  be 
found  in  the  fact  that  all  the  points  in  any  one  meridian  were  not  ex- 
plored, so  that  in  some  instances  no  image  might  have  happened  to 
fall  on  this  slope.  Then,  too,  the  slope  is  more  abrupt  in  some  people 
than  in  others. 

1  Dimmer,  Anatomie  und  Physiologie  der  Macula  Lutea,  Leipzig  und  Wien, 
1894,  p.  6. 
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Aubert  and  Foerster.  when  exploring  their  retinas,  found  a  num- 
ber of  small  blind  spots  at  various  distances  from  the  center  of  the 
fovea.1  These  did  not  fall  in  the  zone  indicated  above,  and  must  be 
looked  upon  as  imperfections  in  the  retina.  I  also  found  such  imper- 
fections, but  they  could  seldom,  if  ever,  be  called  blind  spots.  They 
were,  however,  more  pronounced  than  those  already  mentioned. 

One  of  these  spots  occurs  in  the  data  obtained  from  the  writer. 
It  is  in  the  right  eye,  oblique  down,  on  the  right  side.  30  mm.  or  5.71 
degrees  from  the  fixation  point.  The  judgments  based  upon  letters 
appearing  there  seemed  to  me  to  be  guesses.  Although  the  spot  is 
in  the  right  eye  only,  it  showed  in  the  data  obtained  with  both  eyes. 
Here  an  effort  was  made  to  eliminate  it  by  taking  extra  data,  but  with- 
out success. 

The  most  pronounced  retinal  irregularities  were  found  in  F.  B., 
V.  H..  and  E.  W.  When  working  with  the  right  eye,  F.  B.  could  not 
see  the  letters  at  all  on  the  left  side  beyond  15  mm.,  or  about  3  degrees, 
from  the  fixation  point.  About  10  percent  of  the  time,  he  thought 
he  saw  a  slight  blurr,  but  nothing  sufficient  for  identification. 

V.  H.  had  a  similar  condition  in  the  left  field  of  the  left  eye.  but 
slightly  less  pronounced.  At  25  mm.  out  he  still  saw  enough  to  ven- 
ture a  judgment,  which,  however,  was  just  as  likely  to  be  wrong  as 
right.  But  beyond  that  distance  he  got  even  a  faint  impression  only 
about  half  the  time.  On  the  right  side  the  field  was  normal,  reach- 
ing a  percentage  of  75.  approximately  30  mm.  from  the  fixation 
point.  E.  \Y.  apparently  had  two  variations,  including  both  the 
left  and  the  right  sides  of  the  left  eye.  At  25  mm.  the  keenness  of 
much  reduced,  while  at  30  mm.  it  was  about  as  keen  again 
as  at  20  mm.  The  percentages  of  right  cases  from  twenty  judgments 
30,  and  35  mm.  were  on  the  right  side  respectively  90,  75, 

and  75.  and  on  the  left  side  96,  50,  90,  and  75. 

The  individual  differences  in  the  areas  mapped  out  are  of  various 
kind-.  [1  has  already  been  pointed  out  that  there  are  variations 
in  the  manner  in  which  the  acuity  falls  off  as  one  recedes  from  the 

people  this  falling  off  in  acuity  is  less 

rapid  than  in  others,  tri\'inir  them  a  relatively  large  field  of  indistinct 

I  Ices  it  difficult  to  arrange  the  area.-  of  the  \arious 

sul  □   order  according  to   size.     The  order   i.-   slightly   different 

i|xm    the   90    percenl    boundary    as    when    based   upon 
•.boundary.    The  irregularities  or  'blind  Bpots' which 

and  not   in  other-  may  also    be  looked   upon    as 
lal  differences. 


logic  der  S'rtzhaut,  \, 
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An  inspection  of  Table  VIII  shows  that,  when  both  eyes  were 
used,  the  horizontal  extent  in  the  limits  of  which  the  letters|were 
rightly  distinguished  90  per  cent  of  the  time  varies  from  35  to  71  mm. 
This  is  a  variation  approximately  as  1-2.  In  the  vertical  direction 
the  corresponding  variation  is  from  31  to  46  mm.,  or  approximately 
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as  1  to  1.5.  If  the  area  that  had  the  longest  extent  horizontally 
had  also  the  widest  extent  vertically,  the  variation  in  area  should  be 
as  1-3.  But  this  is  not  true.  The  longest  area  is  not  necessarily 
the  widest,  and  vice  versa.  When  the  two  diameters  are  multiplied 
together  the  extreme  products  are  1386  and  3266,  showing  a  variation 
of  1-2.3.     In  these  comparisons  the  data  from  J.  S.  are  not  included. 
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His  areas,  as  may  be  seen  in  Figure  V,  are  abnormally  small  and  so 
should  be  considered  in  a  class  by  themselves. 

Some  of  the  variations  in  the  shape  of  the  areas  are  brought 
out  in  Figures  V— VlLL  The  data  on  which  these  figures  are  based 
came  from  Table  VIII.  The  diagrams  in  Figure  V  represent  the  actual 
size  of  the  fields  as  mapped.  The  large  diagram  is  a  medium-sized 
field  coming  from  G.  B.  when  using  both  eyes.  The  small  field  at 
the  center  shows  the  area  covered  on  the  retina  by  the  90  percent, 
limit.  The  small  figures  above  this  one  represent  the  fields  within 
which  J.  S.  could  distinguish  the  letters  90  percent  of  the  time.  The 
one  in  the  center  comes  from  both  eyes,  the  one  to  the  left  from  the 
left  eye.  and  the  one  to  the  right  from  the  right  eye.  The  right-hand 
side  of  all  these  figures  represents  the  right-hand  side  of  the  field. 

Figures  VI,  VII,  and  VIII  are  reduced  to  one-third  actual  size. 
The  top  one  in  each  case  comes  from  both  eyes,  the  middle  one  from 
the  right  eye.  and  the  bottom  one  from  the  left  eye.  As  would  be 
expected,  the  field  for  both  eyes  is,  as  a  rule,  larger  than  that  for  either 
of  the  single  eyes.  The  inner  line  represents  the  limit  where  the  let- 
ters were  named  correctly  90  percent  of  the  time,  and  the  outer  line 
where  they  were  named  correctly  75  percent  of  the  time.  Only  the 
points  in  the  horizontal,  the  vertical,  and  the  oblique  meridians  mid- 
way between  these  were  determined,  of  course.  The  short  lines 
parallel  to  the  radii  crossing  these  points  correspond  to  the  P.  E. 
The  chances  are  even  that  the  true  position  of  this  point  may  fall  any- 
where on  this  line.  The  double  line  in  the  middle  diagram  of  Fig. 
VIII  is  the  result  of  the  spot  mentioned  above.  Between  the  two  de- 
terminations the  percentages  fell  below  75,  thus  giving  two  points 
having  that  fitrure. 

The  small  field  at  the  center  of  each  diagram  again  represents 

the  area  a  on  the  retina  by  the  90  percent  limit,  reduced  in  the 

san  as  the  diagrams.     H   was  determined  by  assuming  that 

rose  L 5.6 mm.  in  front  of  the  retina.1     The  horizontal 

dian.'-cr  of  tl  from  _'  to  3  nun.,  or  taking  all  our  data, 

from]."  mm.    Thu  jer  than  the  corresponding  diameter  of 

U  found   I  I !<■  found  in  ten   careful  nieasure- 

mer  nation  from  1.1  to  2  mm.1    There  is  no  abrupt  fall  in  visual 

acuity  wh  I  the  limits  assigned  to  the  fovea. 

te  shape  of  the  field  of  ..'i  varies  from  an  oblong  nearly 

I  long  as  wide,  •  •  v.     I  be  oblong,  however,  approxi- 

e  of  a  rectai  in  to  that  of  an  oval.    This 

'  Sanforr],  Experinn 
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form  evidently  corresponds  to  the  shape  of  the  fovea.  In  the  words 
of  Dimmer,  "Die  Fovea  ist  eine  meist  querovale,  oft  aber  auch  kreis- 
runde  Vertiefung."1  With  this  description  the  shapes  of  the  accom- 
panying diagrams  agree.  That  of  G.  B.  is  slightly  oblique,  a  posi- 
tion the  fovea  has  also  been  observed  to  take.2 

An  attempt  was  made  to  ascertain  the  shape  of  the  fovea  by 
means  of  an  ophthalmoscopic  examination,  but  with  only  limited 
success.  The  fundus  of  the  right  eye  in  five  subjects  was  examined.3 
The  retina  of  J.  S.,  whose  field  of  distinct  vision  was  found  to  be 
abnormally  small,  was  immediately  pronounced  pathological  by  the 
examiner.  A  well-marked  white  spot  indicating  the  position  of  the 
fovea  centralis  was  present,  but  this  was  surrounded  by  excessive 
and  irregular  pigmentation,  and  the  adjacent  fundus  was  mottled. 
Beyond  the  pigmentation  the  retina  was  marked  with  Tay's  spots, 
which  indicate  a  pathological  condition  that  usually  comes  on  in  old 
age  and  is  seldom  seen  in  a  person  of  the  age  of  J.  S. 

The  depression  surrounding  the  fovea  centralis  appears  ophthal- 
moscopically  slightly  darker  than  the  adjacent  fundus,  owing  to  the 
fact  that  because  of  the  slope  of  the  sides  it  reflects  less  light  to  the 
examiner's  eyes.  The  dark  area  corresponding  to  this  depression 
appeared  circular  in  H.  R.,  which  is  practically  the  shape  of  her 
field.  In  the  center  of  the  area  appeared  a  crescentic  white  spot. 
Unfortunately,  the  dark  area  was  not  distinct  enough  to  be  assigned 
a  definite  shape  in  the  remaining  three  subjects.  None  whatever 
could  be  seen  in  the  eyes  of  J.  M.  and  W.  R.,  and  in  S.  F.  it  was  ex- 
tremely small.  The  fovea  centralis  was  marked  in  J.  M.  by  a  minute 
whitish  spot  with  only  a  trace  of  pigmentation  about  it,  while  there 
were  no  such  spots  observable  in  the  eyes  of  S.  F.  and  W.  R.  Pig- 
mentation nearly  circular  in  form  was  present  in  W.  R.,  but  none 
could  be  made  out  in  S.  F. 

Wertheim4  found  that  beyond  15  degrees  from  the  fixation  point 
the  field  of  indirect  vision  resembled  that  of  the  color  zones.  He 
said  "the  acuity  of  vision  decreases  most  rapidly  above;  a  little  less 
rapidly  below;  still  more  slowly  on  the  medial  side;  and  most  slowly 
on  the  lateral  side."  Within  15  degrees,  however,  he  found  practic- 
ally no  difference  between  the  lengths  of  the  lateral  and  medial  radii 

1  Op.  cit.,  p.  13. 

3  Norris  and  Oliver,  System  0}  Diseases  0}  the  Eye,  Philadelphia,  1897,  Vol. 
I,  p.  328  (Piersol). 

3  The  examination  was  kindly  made  by  Dr.  W.  A.  Holden,  of  the  College 
of  Physicians  and  Surgeons,  New  York. 

*  Zeitsch.  f.  Psych.,  Vol.  VII,  pp.  184. 
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and  between  that  of  the  upper  and  the  lower.  This  conclusion  is 
substantiated  by  my  results.  There  are  no  pronounced  constant 
differences  between  these  two  pairs  of  radii  revealed  in  my  data. 

It  was  thought  that  the  habit  of  looking  and  attending  to  the  right 
in  reading  might  tend  to  make  the  field  on  that  side  larger  than  on 
the  left  side.  But  no  such  constant  difference  was  found.  When 
both  eyes  were  used  together  the  field  was  quite  as  likely  to  be  a  little 
larger  on  the  left  side  as  on  the  right.  Averaging  the  distances  of 
the  90  percent  and  the  75  percent  limits  from  fourteen  subjects  gives 
28.3  mm.  for  the  right  side  and  28.8  mm.  for  the  left.  There 
seems,  however,  to  be  a  tendency  for  the  field  to  be  slightly  larger  on 
the  right  side  for  the  right  eye,  and  on  the  left  side  for  the  left  eye. 
This  is  the  outer  field  and  corresponds  to  the  deviation  in  the  field 
of  vision  as  a  whole.  In  eight  subjects  who  had  no  conspicuous 
retinal  defects  and  from  whom  sufficient  data  were  obtained,  only  one 
had  a  slightly  larger  left  field  in  the  right  eye,  and  three  had  a  slightly 
larger  right  field  in  the  left  eye.  The  averages  for  the  eight  are  re- 
spectively for  the  right  and  the  left  fields,  30.2  mm.  and  27.5  mm. 
for  the  right  eye  and  26  mm.  and  27  mm.  for  the  left  eye.  The  differ- 
ences are  small  and  might  disappear  with  data  from  more  subjects, 
but  they  are  suggestive.  They  mmht  here  be  explained  by  the  fact 
that  the  eye  was  always  a  little  nearer  to  the  letters  in  the  outer 
field  than  to  those  in  the  inner  field,  and  for  that  reason  they  could 
be  distinguished  more  readily. 

An  examination  of  Table  VIII  reveals  somewhat  larger  varia- 
tions in  the  vertical  meridian  than  in  the  horizontal  meridian.  Some 
subjects  could  see  considerably  farther  out  on  one  side  of  the  fixation 
point  than  on  the  other,  but  no  significant  constant  tendency  is  dis- 
cernible. For  the  right  eye  (six  subjects)  the  average  extent  of  the 
field  is  .4  mm.  greater  downward,  while  for  the  left  eye  and  for  both 
eyes  (ten  subjects)  it  is  approximately  1  mm.  greater  upward.  No 
significance  can  be  attached  to  these  figures.  The  deviation  occurs 
in  i  ection  just  abort  as  often  as  in  the  other. 

It  was  the  original  intention  to  get  data  also  from  members  of 
races  other  than  the  Caucasian  bo  that  interracial  comparisons  might 
■■'it  it  did  not  prove  practicable  to  do  this  to  any  great  ex- 
•  P.  L.,  whose  data  are  tabulated  in  Table  VI,  is  a  Chin. 

H  I  found,  but  one  can  draw  no  conclu- 

•  ird  to  race  differences.     Bi  .what 

•vhi'h    probably   account-   for  his   limited   field.      Data  <>l>- 

relimh.  periments  from  another  Chinese  and  from 

m  that  the  Mongolian  race  ta  at  do  advantage 
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in  the  size  of  the  acute  field.  The  Chinese  gave  indications  of  having 
a  field  of  about  average  extent,  while  that  of  the  Japanese  was  con- 
siderably above  the  average.  It  would  probably  have  taken  rank 
among  the  upper  fourth  or  fifth. 

Notice  may  be  taken  at  this  time  of  the  data  obtained  from  J.  S. 
He  has  been  referred  to  a  number  of  times  as  having  an  abnormally 
small  distinct  field.  He  could  distinguish  the  letters  even  when  using 
both  eyes  within  a  total  visual  angle  of  scarcely  1.5  degrees.  The 
average  for  the  other  subjects  was  about  10  degrees.  When  using 
one  eye  his  angle  shrank  to  about  one  degree.  The  field  that  this  in- 
dicates would  be  represented  on  the  retina  by  a  spot  approximately 
.23  mm.  in  diameter.  This  corresponds  closely  to  the  dimensions 
assigned  to  the  fovea  centralis,  or  foveola,  which,  according  to  Dim- 
mer,1 varies  from  .12  mm  to  .3  mm  in  diameter.  It  seems  then  that 
we  have  here  a  case  in  which  distinct  vision  is  limited  to  the  foveola. 

The  data  obtained  from  this  subject  are  tabulated  in  Table  VII. 
Decisive  judgments  were  as  a  rule  always  demanded  of  a  subject, 
for  only  right  and  wrong  judgments  were  recorded.  But  here  it  was 
thought  wise  to  deviate  from  that  rule,  for  when  J.  S.  did  not  recog- 
nize a  letter  he  usually  had  seen  nothing  of  it,  so  that  he  could  not 
tell  even  in  which  direction  from  the  center  it  lay.  After  the  data 
in  the  horizontal  meridian  had  been  obtained,  a  record  of  the  letters 
not  seen  was  kept,  and  appears  in  the  table.  He  frequently  said 
that  he  saw  only  half  of  the  letter,  which  indicates  that  his  boundary 
line  of  distinct  vision  is  extremely  sharp. 

The  occasional  recognition  of  letters  beyond  what  appears  to  be 
his  limit  may  be  explained  by  small  eye  movements.  Fixation  is 
seldom,  if  ever,  entirely  steady.2 

Although  with  an  exposure  time  of  50  sigma,  this  subject  could 
not  tell  even  in  which  direction  a  letter  lay,  whose  line  of  direction 
made  an  angle  of  45  minutes  or  more  with  the  line  of  sight,  he  was  at 
no  corresponding  disadvantage  in  other  visual  tests.  He  himself 
had  not  known  previous  to  these  tests  that  he  had  a  constricted  field. 
He  could  distinguish  buildings  and  a  waving  flag  about  as  far  from 
the  fixation  point  as  other  people,  and  he  was  at  no  apparent  disad- 
vantage in  seeing  the  carrier  on  the  perimeter  at  90  degrees  in  the 
outer  field.  His  color  zones  were  the  smallest  I  found,  but  they 
formed  no  break  in  series  with  those  of  the  other  subjects.  His  visual 
acuity  was  fully  up  to  the  average.     He  is  a  slow  reader  and  makes 

1  Op.  cit.,  p.  14. 

2  Cf.  C.  N.  Mc  Allister,  'Points  of  Fixation  in  the  Visual  Field',  Psych.  Rev., 
Mon.  Sup.  Vol.  VII,  No.  1,  pp.  17-54. 
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many  eye  movements  per  line,  but  in  neither  of  these  characteris- 
tics did  he  take  lowest  rank. 

After  the  foregoing  data  had  been  collected,  an  attempt  was 
made  to  standardize  the  unit  of  vision  that  was  used.  I  aimed  to 
draw  a  hook  that  would  give  approximately  the  same  results  as  the 
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n  and  the  u.  After  a  number  of  failures,  closely  corresponding  results 
were  obtained  with  a  hook  that  was  essentially  a  square  with  one 
side  open,  having  a  length  of  side  of  one  millimeter.  The  horizontal 
line  in  the  letters  was  lighter  than  the  vertical  lines,  and  therefore 
harder  to  see,  while  in  the  hooks  the  lines  were  all  of  equal  weight. 
This  made  it  necessary  to  make  the  hooks  smaller  than  the  letters. 

The  hooks  were  drawn  with  a  fine  (Gillott  170)  pen,  and  black 
India  ink,  and  the  lines  were  about  two-tenths  of  a  millimeter  wide. 
The  hooks  were  faced  like  the  n  and  the  u,  one  up  and  one  down, 
and  were  exposed  in  the  same  manner.  Data  were  obtained  from 
three  subjects.  So  as  to  make  the  comparison  entirely  fair,  the  let- 
ters were  exposed  alternately  with  the  hooks.  Five  series  of  hooks 
were  exposed  and  then  five  series  of  letters. 

The  results  are  condensed  in  Table  VIIIA.  With  the  exception  of 
one  record,  that  of  H.  R.  horizontal,  the  correspondence  between  the 
hooks  and  the  letters  is  fairly  close.  In  fact,  it  is  just  as  close  as 
the  correspondence  between  the  records  obtained  with  the  letters  in 
the  former  tests  and  that  obtained  with  the  letters  here. 

It  is  worth  noting  that  the  discrepancies  between  the  two  rec- 
ords obtained  with  the  letters  are  not  always  within  the  probable  error. 
They  are  more  nearly  within  the  mean  variation.  This  agrees  with 
the  observation  made  by  Professor  Cattell,  namely  that  the  P.  E. 
gives  us  a  higher  degree  of  certainty  than  is  warranted.  It  should 
probably  be  interpreted  to  mean  that  it  would  apply  if  the  deter- 
minations could  be  actually  repeated. 


PART  III— CORRELATIONS 

A  knowledge  of  the  relationship  between  facts  is  as  valuable 
as  a  knowledge  of  the  facts  themselves,  and  frequently  more  so.  It 
is  for  this  reason  that  a  large  share  of  the  time  given  to  this  study 
was  devoted  to  the  ascertaining  of  relationships.  In  addition  to  the 
extent  of  the  field  of  acute  vision,  a  number  of  other  items  were  also 
obtained  from  each  subject,  and  these  have  been  correlated  among 
themselves  in  various  ways. 

In  the  following  pages  usually  two  numbers  are  given  to  express 
each  correlation.  One  of  these  is  the  Pearson  coefficient  of  correla- 
tion and  the  other  is  the  percent  of  displacement. 

The  Pearson  coefficient  is  now  so  generally  understood  that  the 
method  of  obtaining  it  need  not  be  given.1  "It  expresses  the  de- 
gree of  relationship  from  which  the  actual  cases  might  have  arisen 
with  least  improbability.  It  has  possible  values  from  +100  percent 
through  0  to — 100  percent.  A  coefficient  of  correlation  between  two 
abilities  of  —100  percent  means  that  the  individual  who  is  the  best  in 
the  group  in  one  ability  will  be  the  best  in  the  other,  that  the  worst 
man  in  the  one  will  be  the  worst  in  the  other,  that  if  the  individuals 
were  ranged  in  order  of  excellence  in  the  first  ability  and  then  in  order 
of  excellence  in  the  second,  the  two  rankings  would  be  identical, 
that  any  one's  station  in  the  one  will  be  identical  with  his  station 
in  the  other  (both  being  reduced  to  terms  of  the  variabilities  of  the 
abilities  as  units  to  allow  comparison).  A  coefficient  of — 100  per- 
cent would  f.»er  contra  mean  that  the  best  person  in  the  one  ability 
would  \xt  the  worst  in  the  other,  that  any  degree  of  superiority  in 
the  one  would  go  with  an  equal  degree  of  inferiority  in  the  other, 
and  vice  versa.  A  coefficient  of  +62  peroenl  would  mean  that  (com- 
parison being  rendered  fair  here  as  always  by  reduction  to  the  varia- 
bilities as  unit.-)  any  given  .-'at ion  in  the  one  trait  would  imply  62 
hundrethe  of  thai  >n  in  the  other.    A  coefficient  of  — G2  would 

of  coarse  mean  that  any  degree  of  superiority  would  involve  82  hun- 

ith-  as  much  inferiority,  and  vice  vena 

A  method  of  expre  elationahips  by  means  of  the  percent 

lacemenl  has  recently  been  advanced  by  Professor  H.  S.  Wood- 

mpler  than  the  Pearson  coefficient  and  gi  ilta 

M>.n  <«f  ■  tbod  nc  Tborodike,  Menial  and  Social  M 

■ 
J  Tborndiki 
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in  a  much  shorter  time.  It  takes  into  consideration  only  the  relative 
position  of  the  measurements  compared,  and  notes  the  amount  of 
agreement  or  disagreement  in  the  orders. 

1  E.  W.     2 

2  A.  A.    10 

3  H.  W.     1     2         (  v        ,1ft         ,1A 
4F.H.      6     1         (^ZLOn  =  (10-i)L0=45 

9  9 

5  S.  F.  4  2              *                   l 

6  H.  R.  7  1 

7  L.  W.  5  3 

8  H.  C.  9  1         18^-45  =.40  =40   percent   of    displacement    or 

9  W.  R.  3  6                                                                    transposition 
10  F.  C.  8  2 

18 

The  manner  of  finding  the  percent  of  displacement  may  be  illus- 
trated by  means  of  two  orders  from  among  my  determinations.  The 
column  of  initials  is  a  serial  arrangement  of  ten  subjects  according 
to  the  extent  of  the  color  zones  in  the  left  eye.  The  numbers  in  the 
next  column  indicate  the  rank  of  the  same  ten  subjects  when  arranged 
according  to  the  visual  acuity  of  the  left  eye.  Clearly  the  subjects 
do  not  take  the  same  order  in  the  two  traits.  The  amount  of  dis- 
placement between  the  two  orders  may  be  noted  in  the  column  of 
figures  standing  for  the  rank  in  acuity.  The  first  figure,  2,  does  not 
follow  a  larger  number  than  itself,  and  the  next  number,  10,  does  not; 
1  follows  two  numbers  larger  than  itself;  6  follows  one;  4,  two  and  so 
on.  The  amounts  the  different  numbers  are  displaced  are  given  in 
the  last  column.     They  give  a  sum  of  18. 

The  total  amount  of  displacement  possible  may  be  found  accord- 
ing to  the  formula  -  'in  which  n  stands  for  the  number  of  cases 

compared.     Applying  this  formula  here  gives  us  45;  and  dividing  18 
by  45  gives  us  .40,  the  percent  of  displacement. 

It  may  now  be  readily  understood  what  correlations  the  different 
percents  of  displacement  signify.  A  zero  percent  signifies  perfect 
relationship.  The  person  who  is  best  in  one  trait  is  also  best  in  the 
other,  and  the  poorest  in  one  is  also  poorest  in  the  other.  A  displace- 
ment of  100  percent  signifies  complete  antagonism.  A  person  who 
is  best  in  one  trait  is  poorest  in  the  other,  and  vice  versa.  No  relation- 
ship is  indicated  by  a  displacement  of  50  percent.  This  means  that 
nothing  can  be  predicted  from  a  person's  rank  in  one  trait  about  his 
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rank  in  the  other  trait  with  which  the  first  has  been  compared.  Per- 
cents  of  displacement  between  zero  and  fifty  indicate  relationships 
that  decrease  as  the  percents  increase.  Percents  of  displacement 
between  fifty  and  one  hundred  indicate  antagonisms  that  increase 
with  the  percents. 

Correlation  determined  by  the  percent  of  displacement  takes 
into  consideration  only  the  relative  position  of  the  measurements 
compared.  The  amount  of  deviation  above  or  below  the  average 
does  not  enter  into  the  calculation.  When  the  number  of  measure- 
ments is  large,  this  is  a  disadvantage,  and  the  Pearson  coefficient 
which  is  sensitive  to  amount  of  deviation,  is  more  accurate.  But 
when  the  number  of  measurements  is  small,  as  most  of  mine  are, 
this  is  an  advantage.  It  is  not  distorted  by  extreme  deviations,  as 
the  Pearson  coefficient  is  likely  to  be.  It  has  an  advantage  over  the 
Pearson  coefficient  similar  to  that  possessed  by  the  median  over  the 
average.  The  number  of  measurements  compared  in  the  tables 
that  follow  being  comparatively  small.  I  feel  that  the  percent  of  dis- 
placement is  the  safer  figure  to  accept  when  there  is  a  discrepancy 
between  the  correlations  obtained  by  the  two  methods.  I  found  in 
an  extreme  case,  for  example,  a  Pearson  coefficient  of  +.27  and  a 
displacement  of  49  percent  when  ten  measurements  were  compared, 
one  of  which  deviated  e  ely  from  the  average.     Omitting  this 

case,  the  Pearson  coefficient  became  — .31  and  the  percent  of  dis- 
placement 61. 

Illusion  of  &  and  'Golden  Section.' 

The  first  correlations  considered  are  two  with  the  shape  of  the 
field  of  distinct  vision  as  a  whole.  They  were  made  between  the  ob- 
longness  of  the  field  and  the  illusion  in  the  perception  of  distances 
depending  on  their  direction  in  the  field  of  vision,  and  the  variation 
in  the  choice  of  a  'golden  .-  People   usually   overestimate 

verti'-al  as  compared  with  horizontal  lines,  but  the  amount  of  illusion 
differs  for  individ  I  height  to  length  of  a  rectangle 

that  is  preferred  varies  with  d  people.     It  was  thoughl  that 

a  relation  to  the  variations  in  the  shape 
of  the  field  of  di  »n.     A  highly  oblong  Geld  might,  for  ex- 

rate  the  overe.-timation  of  vertical  lines  because  it  would 
necessitate  r  eve  i  bring  objects  in  the  vertical 

plane  to  clear  vision  than  ted  by  a  less  oblong  Geld. 

ape  of  preferred  might  correspond  to  the  ah 

of  I  tgreeable  to  have  the 

r.1 
1  A  suggest; 
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The  illusion  of  vertical  as  compared  with  horizontal  extents  I 
tested  with  rectangles.  I  had  twenty-eight  of  these  drawn  on  a 
sheet  of  paper  which  was  pasted  on  the  wall  directly  in  front  of  the 
subject.  The  rectangles  were  all  20  mm.  wide,  but  varied  from  15 
to  25  mm.  in  height,  six  of  them  being  true  squares.  The  subject  was 
requested  to  designate  by  number  all  those  that  looked  to  him  to  be 
square.  He  was  warned  not  to  allow  his  knowledge  of  the  illusion 
to  influence  his  judgment.  Data  were  obtained  from  ten  subjects, 
and  from  five  to  eight  figures  were  designated  by  each.  These  differed 
in  height,  and  the  average  of  the  heights  of  all  was  taken  as  a  person's 
measure.  The  averages  were  then  compared  with  the  ratios  of  the 
vertical  to  the  horizontal  diameter  of  the  field  of  distinct  vision.  The 
percent  of  displacement  between  the  two  orders  was  42,  and  the  Pear- 
son coefficient  +.10.     If  any  correlation  exists,  it  is  evidently  slight. 

In  the  choice  of  a  rectangle  of  preferred  proportions,  two  tests 
were  made.  One  of  these  consisted  of  making  a  selection  from  a  chart 
containing  thirty-six  figures  which  varied  from  35  to  105  mm.  in  height 
by  100  mm.  in  width.  The  chart  was  suspended  on  the  wall  and  the 
subject  was  about  twenty  feet  away  when  he  chose.  The  other  test 
consisted  of  making  a  selection  from  a  set  of  nine  rectangles  cut  from 
cardboard.  These  also  were  100  mm.  wide  and  varied  from  25  to  100 
mm.  in  height.  The  subject  was  close  to  them  when  he  chose  and 
was  permitted  to  handle  them. 

Ten  subjects  took  part  in  the  tests.  The  selections  from  each 
set  were  made  independently  of  each  other,  usually  several  days  apart, 
so  that  when  the  second  selection  was  made  the  subject  had  forgotten 
what  ratio  of  sides  he  had  chosen  in  the  first.  Although  most  of 
the  subjects  had  no  pronounced  preference  for  any  particular  shape, 
regarding  it  as  largely  a  matter  of  caprice  which  they  chose,  the 
correlation  between  the  two  selections  was  high.  There  was  a  dis- 
placement between  them  of  only  15  percent. 

The  ratio  of  the  height  to  the  width  of  the  rectangles  chosen 
varied  from  .57  to  .96  on  the  chart,  and  from  .5  to  .8  with  the  cards. 
These  ratios  were  compared  with  the  ratios  of  the  vertical  to  the  hori- 
zontal diameters  of  the  field  of  vision,  a  separate  comparison  being 
made  for  each  of  the  two  tests.  The  percent  of  displacement  with 
the  cards  was  55  and  that  with  the  figures  on  the  chart  was  40.  The 
Pearson  coefficient  in  the  second  case  was  +  .34,  but  it  is  not  reliable, 
the  positive  amount  all  being  caused  by  the  extreme  deviation  of  one 
case.  The  number  of  positive  and  negative  ratios  was  the  same. 
Had  any  pronounced  positive  or  negative  correlation  been  indicated 
I  should  have  corrected  for  attenuation,  but  this  did  not  seem  necessary 
under  the  circumstances. 
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The  number  of  cases  compared  was  small,  but  the  variations 
were  so  haphazard  that  I  feel  a  high  degree  of  confidence  in  the  con- 
clusion that  there  is  little  or  no  correlation  between  the  oblongness 
of  the  field  of  vision  and  the  shape  of  rectangle  preferred.  A  person 
with  a  long  and  narrow  field  is  just  about  as  likely  to  prefer  a  rectangle 
of  opposite  proportions  as  one  of  the  same  proportions  as  his  field. 
The  source  of  the  preference  must  be  looked  for  elsewhere.  It  is  very 
likely  central  in  the  main,  and  may  in  part  be  owing  to  acquired  as- 
sociations. 

Color  Zones. 

The  color  zones  were  mapped  with  a  McHardy  perimeter.  The 
work  was  done  near  a  large  window  and  a  stimulus  area  of  1  sq.  cm 
was  used.  Various  colors  were  tried,  but  it  was  finally  decided  to 
use  the  ones  on  the  perimeter.  Difficulty  was  experienced  with  the 
yellow  and  the  green.  With  the  area  used,  these  colors  could  not 
be  seen  out  as  far  as  the  blue  and  the  red  respectively.  The  blue 
and  the  red,  however,  gave  satisfactory  results,  and  as  the  zones  for 
them  coincide  with  those  of  the  yellow  and  the  green  respectively,1 
the  latter  were  dropped  from  the  experiment. 

Four  radii,  the  horizontal  and  the  vertical,  were  explored  in  each 
eye.  As  a  rule  only  one  determination  was  made  with  each  subject, 
but  the  various  colors  were  presented  from  three  to  ten  times  in  each 
radius,  or  until  both  the  operator  and  the  subject  felt  that  the  most 
likely  limit  had  ben  established.  A  second  determination  was  made 
for  two  of  the  subjects  and  the  results  compared  with  the  first.  The 
discrepancies  between  the  two  determinations  were  slight.  Still, 
it  must  be  admitted,  that  the  ordinary  perimeter  is  not  adapted  to 
••  results  of  any  hitrh  degree  of  precision.  What  we  should  have 
is  a  perimeter  by  means  of  which  we  could  expose  one  of  several 
>rs  in  the  two  opposite  radii  for  a  .-pace  of  time  less  than  the  reac- 
tion time  of  the  eye.  This  would  eliminate  eve  movements  and  al- 
low the  method  of  rijrht  and  wrong  cases  to  l>e  applied. 

The  figures  standing  for  the  extension  of  the  color  zones  in  de- 
grees a  :i  in  Table  IX.    The  arrangement  of  the  figures  corre- 
rheir  position  in  the  field.     The  left-hand  figure  indicate- 
on  in  the  left  field;  the  right-hand  figure,  the  extension  in 

••hi:  the  upper  figure  the  extension  in  the  upper  field;  and 
•it  in  the  lower  field. 

orrelatione  between  I  tension  of  the  color  zones  and 

ii  an-  condensed  in  Table  X.     First  the  abso- 

-  Uith  in  the  horizontal  and  in  the  vertical  directions 
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were  compared  for  both  eyes  working  together.  The  color  zones  were, 
of  course,  determined  only  for  each  eye  separately,  but  as  the  vision 
of  both  eyes  is  fully  equal  to  that  of  the  better  single  eye,  the  longer 
diameter  was  uniformly  chosen  when  there  was  a  difference  in  the 
two  eyes.  It  should  be  noted  further  that  as  two  limits  were  deter- 
mined in  each  of  the  two  cases  compared, — one  for  the  blue  and  one 
for  the  red  in  color,  and  that  for  the  90  percent  limit  and  that  for 
the  75  percent  limit  in  vision, — the  average  of  the  two  was  used  in 
these  and  in  the  following  comparisons  whenever  possible.    The  areas 
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of  the  color  fields  were  accordingly  found  by  multiplying  the  average 
of  the  number  of  degrees  of  the  blue  and  of  the  red  in  the  horizontal 
meridian  by  the  average  of  the  corresponding  numbers  in  the  vertical 
meridian.  Similarly  the  areas  of  the  fields  of  acute  vision  was  foimd 
by  multiplying  together  the  average  diameters  in  millimeters.  This 
gave  equal  weight  to  each  of  the  two  determinations  that  entered 
into  the  comparisons. 

Table  X. — Correlations  with  Color  Zones. 


E 
o 
a 

K 

V 

■   . 

°  V 

<—  u 

:  - 
.  P. 
o 
Z 

2  z 
z~ 

1 

s.   - 
«-  l> 
MTJ 

Color  and  vision, — horizontal 

Both  eyes 

16 

4-1 

—  .01 

vertical 

ii       ii 

16 

58 

-.36 

areas 

Right  eye 

IO 

35 

■i         a              a 

Left      " 

IO 

49 

right                       right 

Color and  vision  

left                          left 

Right  eye 

11 

6o 

-.48 

left                        left 
right                       right 

Left 

1 1 

62 

—  •33 

U                          0 

it                                     it            tt 

D                           D 

Right    " 

IO 

49 

+  .27 

D                          D 

Left       " 

IO 

4-1 

-r.30 

Color  area  and  visual  acuity 

Right  eye 

IO 

49 

Left 

IO 

40 

The   Pearson   coefficients   found   in   this   comparison    are   — .06 
and  — .  ively  for  the  horizontal  and  the  vortical  meridians. 

The  pe  of  displacement  are  42  and  58,  showing   respectively 

a  slight  positive  and  a  Blight  negative  relation.  The  figures,  how- 
ever, all  hover  '-lose  to  the  point  of  no  correlation,  and  this  is  most 
likely  what  they  should  be  interpreted  to  mean. 

The  next  correlation  was  made  between  the  areas  of  the  two  fields. 

This  was  done  separately  for  each  eye.    The  figures  compared  wereob- 

as  mdicafc  by  finding  the  products  of  the  horizontal 

■al  meridians.     I  idently  do  nol  give  the  areas 

exa  y  nearly,  if  not  entirely ,  proportional  to  them 

touched  only  their  order  in  size,  they  were 
Huffi'-ifrntl-.  of  displacement  were  found. 

for  the  right  and  for  the  left  eyes  35  percent  and 

e   Of  relation-hip. 
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So  as  to  make  the  test  of  relation  more  refined,  the  ratios  of  the 
corresponding  radii  were  correlated.  Even  though  there  is  little  or 
no  correlation  apparent  when  the  absolute  numbers  are  compared,  a 
relation  might  still  exist  between  the  variations  in  the  extensions  of 
the  two  fields  in  the  different  directions  from  the  center  of  the  fovea. 
This  relation  might  hold  even  though  there  was  no  relation  between 
the  sizes  of  the  two  areas  themselves. 

In  the  vertical  meridian  I  compared  the  ratios  of  the  upper  to  the 
lower  radii,  and  in  the  horizontal,  the  ratios  of  the  outer  to  the  inner. 
As  is  shown  in  the  table,  slight  positive  relations  are  indicated  in  the 
first  case  and  slight  negative  relations  in  the  second.  This  is  true  of 
both  the  Pearson  coefficient  and  the  percentages  of  displacement. 
But  the  relations  indicated  are  again  not  large  enough  to  be  significant. 
This  is  especially  true  of  the  percentages  of  displacement,  which  must 
here  be  considered  the  most  reliable  because  they  are  not  influenced 
by  extreme  deviations  as  the  Pearson  coefficients  at  this  point  clearly 
are.  These  percentages  all  hover  close  about  the  "50"  point,  which 
is  the  figure  that  stands  for  no  correlation. 

Between  the  areas  of  the  color  zones  and  visual  acuity  there  is 
also  little  or  no  correlation.  The  percentages  of  displacement  are  49 
for  the  right  eye  and  40  for  the  left.  This  lack  of  correlation  indi- 
cates that  there  is  litttle  or  no  connection  between  keenness  of  color 
vision  and  other  qualities  of  sight.  This  harmonizes  with  the  com- 
mon observation  that  a  person  with  defective  color  vision  is  at  no 
disadvantage  in  tests  of  vision  that  do  not  involve  color.  But  the 
conclusion  cannot  be  accepted  as  final  because,  as  far  as  I  am  aware, 
the  relation  between  the  keenness  of  color  vision  and  the  extension 
of  the  color  zones  has  not  been  investigated. 
Retinal  Sensitivity,  or  Inertia. 

Another  item  determined  in  most  of  the  subjects  was  the  sensi- 
tivity of  the  retina.  Cattell1  found  with  three  subjects  that  the  time 
necessary  for  a  printed  character  to  act  on  the  retina  in  order  to  be 
recognized  varied  from  .75  to  1.75  sigma.  It  was  about  25  sigma 
shorter  by  clear  daylight  than  by  lamplight,  and  about  25  sigma 
longer  for  subject  C  than  for  B,  and  again  about  25  sigma  longer  for  H. 

The  data  obtained  are  tabulated  in  Table  XL  They  were  de- 
termined by  means  of  the  fall-screen.  The  aperture  used  was  2.5 
mm.  wide,  except  in  two  cases  where  it  was  5  mm.  wide,  the  smaller 
aperture  not  giving  a  long  enough  exposure  time.  The  smaller 
aperture    was  approximately  as  wide  again  as  the  letter  n,  and  wide 

1  'Ueber  die  Tragheit  der  Netzhaut  und  des  Sehcentrums,'  Philosophische 
Studien,  Vol.  Ill,  p.  no. 
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Table  XI. — Retinal  Sensitivity. 


Subject.              Be 

>th.              Rig 

ht. 

Left. 

J.  M. 

49 

63 

.67 

H.  R. 

49 

63 

.67 

L.  W. 

5i 

67 

•59 

S.  F. 

53 

63 

63 

H.  C. 

56 

63 

.90 

W.R. 

56 

72 

•79 

F.  C. 

6o 

67 

•67 

E.  W. 

6o 

72 

•72 

H.  W. 

6o 

•  72 

.90 

G.  S. 

63 

72 

79 

W.  B. 

67            1 

02 

1 .02 

F.  H. 

72 

79 

.90 

G.  B. 

79 

90 

1 .02 

J.  S. 

90             1 

14 

3.82 

F.  B.            i 

14             1 

14 

2. 10 

A.  A.             i 

57             2 

55 

2  55 

enough  to  allow  any  of  the  letters  used  to  be  seen  entirely  at  once. 
The  exposure  time  was  regulated  by  changing  the  length  of  the  fall. 
It  was  calculated  by  means  of  the  formula  for  accelerated  motion,  the 
accelerating  force  being  gravity.  The  time  it  took  the  screen  to  fall 
2.5  mm.  with  the  speed  it  had  attained  when  half  the  letter  was  ex- 
posed was  found.  This  did  not  take  into  account  the  fact  that  the 
speed  increased  a  little  between  the  beginning  and  the  end  of  the  ex- 
posure, an  error  that  is  just  about  counterbalanced  by  the  slight 
friction  of  the  apparat 

The  exposure  times  given  in  the  table  are  in  sigma.  They  proba- 
bly cannot  be  taken  at  their  imv  value  because,  the  background  be- 
ine  dark,  after-images  were  not  excluded,  and  so  prolonged  the  impres- 

■■..  The  figures  given  are  the  times  that  were  necessary  for  the 
sub.  till  to  distinguish  the  «  and  then  about  90  percent  of  the  time 

when  these  le*  I  in  chance  order  with  aix  others,  some 

shies  were  easier  and  border  to  see.    Those  that  were  harder 

ially  the  <  and  the  >'.     It  was  the  aim  to  decrease 

the  time  till  these  1<  0  longer  could  l>e  distinguished  while  tin' 

n  and  the  u  still  could  be.  nethod  was  rapid  and  proved  quite 

satisfactory. 

All  the  determin  re  made  between  one  and  three  in  the 

•moon  and  only  when  the  iky  was  clear.     Even  slighl  cloudim 
made  a   1*  •  •.— ary.  and   the   retinas   of  several 

ibly  n.  in  the  forenoon  than  in  the 
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afternoon.  The  sensitivity  is  also  reduced  about  one-half  when  the 
eyes  are  tired  from  reading  as  compared  with  when  they  are  rested. 
This  influence  we  guarded  against  by  making  the  determinations 
only  when  the  subjects  had  not  read  much  that  day,  and  by  repeat- 
ing them  on  different  days. 

The  correlations  that  were  made  are  shown  in  Table  XII.     All 
the  figures  indicate  positive  relations,  but  none  of  any  pronounced 

Table  XII. — Retinal  Sensitivity  Correlated  With: 


S 
o 
u 
io 
tu 

CO 

i 
03 

i  p. 

Area  of  distinct  vision 

Both  eyes 

15 

27 

it      a         ti            t( 

Right  eye 

IO 

44 

tt          tt              tt                    it 

Left       " 

IO 

47 

Visual  acuity 

Both  eyes 

15 

4i 

tt          n 

Right  eye 

16 

32 

a          u 

Left    " 

16 

27 

degree.  The  correlations  for  acuity  and  sensitivity  are  lowered  by 
the  presence  of  two  near-sighted  people.  The  defect  influences 
acuity  but  not  sensitivity.  When  the  data  from  these  people  are 
excluded  from  the  comparisons,  the  figures  41,  32,  and  37  become 
respectively  33,  25  and  31.  It  is  my  impression  that  if  defective 
eyes  were  excluded  and  more  data  were  gathered,  and  with  more 
care  than  I  had  time  to  give  to  this  point,  decisive  correlations  would 
be  revealed. 

Visual  Acuity. 

Visual  acuity  was  measured  both  for  near  and  for  distant  vision. 
For  distant  vision  the  results  were  obtained  by  means  of  the  'E' 
test.  The  chart  was  well  lighted  and  the  subject  was  seated  ten  meters 
from  it.  This  distance  answered  very  well  for  all  the  subjects  but 
four.  These  could  not  quite  make  out  the  positions  of  all  the  letters 
in  the  last  line  on  the  chart  at  ten  meters,  but  could  do  so  at  nine 
meters.  The  figures  in  Table  XIII  are  the  ratios  of  the  distance  at 
which  the  letters  were  read  to  the  distance  at  which  they  should  be 
read  according  to  the  chart.  Results  were  also  obtained  by  means 
of  the  Snellen  test  types,  but  these  agree  so  closely  with  those  of  the 
'  E '  test  that  there  was  no  need  of  giving  them. 

Near  vision  was  measured  in  two  ways.  The  results  used  in  all 
but  two  of  the  correlations  were  obtained  by  means  of  the  Galton 
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E"  test. 

Galton  Test. 

Diamond  Type. 

B< 

3th. 

Right.     Left. 

Right. 

Left. 

Both. 

Right. 

Left. 

H.  W.      2 

2              J 

5 

G.  S. 

- 

85 

H.  W. 

90 

72 

65 

J.  M.            2 

2              I 

5 

J.  M. 

85 

72 

H.  C. 

76 

71 

55 

H.  C.        i 

- 

i-5      i 

5 

W.  R. 

72 

S5 

S.  F. 

75 

65 

66 

G.  S.        i 

8 

i-5     i 

5 

H.  C. 

85 

5  2 

J.M. 

75 

70 

65 

G.  B.       i 

- 

1-5      i 

5 

S.  F. 

72 

72 

G.  S. 

72 

57 

61 

F.  H.       i 

- 
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5 

F.  H. 

72 

72 

E.  W. 

70 

68 

68 

S.  F.        i 

5 
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5 

L.  W. 

72 

72 

F.  H. 

70 

63 

62 
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; 
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G.  B. 

~r- 

72 

L.  W. 

67 

63 

63 
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5 

i-5     i 

5 

H.  R. 

72 

7  2 

W.  R. 

67 

60 

62 

J.  S.         i 

5 

15      i 

5 

J.  S. 

72 

6i 

G.  B. 

61 

55 

55 

P.  L.        i 

5 

1-5      i 

5 

W.  B. 

6i 

6i 

J.S. 

61 

50 

55 

\V.  R.      i 

; 

1-5      i 

o 

P.  L. 

6i 

6i 

F.  B. 

60 

44 

57 

H.  R.       i 

5 

1-5      i 

o 

\V.  B. 

58 

46 

39 

L.  W.      i 

5 

I    O        I 

o 

P.  L. 

5i 

49 

42 

\V.  B.       i 

5 

I    O       I 

o 

H.  R. 

50 

50 

50 

F.  C.        i 

o 

I    O       I 

o 

F.  C. 

45 

45 

45 

A.  A.        i 

o 

I    o 

.66 

A.  A. 

40 

38 

35 

eye  tester.  By  means  of  this  apparatus  the  subject  is  required  to  read 
Arabic  numerals  while  looking  with  one  eye  through  a  small  aperture. 
The  numerals  are  one  millimeter  in  height  and  are  mounted  ten  in  a 
line  on  small  frames  removed  from  14  to  100  cm.  from  the  eye.  The 
e  at  wihch  the  subject  could  read  correctly  at  least  eight  figures 
in  each  of  several  lines  was  taken  as  the  measure  of  his  acuity. 

The  other  I  in  reading  the  extract    printed  in  dia- 

mond type    (No.   1),  on  the  standard  optician's  reading  chart.     The 
ported  nearly  vertically  in  good  light  and  the  subject 
was  requested  to  read  oralrj  teal  distance  possible  for  him. 

The  readiness  with  which  he  read  allowed  the  operator  roughly  to 
Jul/  tinctness  with  which  the  print  was  seen,  which  he  aimed 

to  I  .  ial  for  each  subj 

In  that   ''>ok  part   in  both  tests  there  is  a  dis- 

per  cmt    in    tl  order-.     The   tesls.  of  course, 

ly  comparable,  but  the  correlation  is  nevertheless  lower 

cpect  from  the  differencea  in  the  matter  Been.    With 

the  best  record  of  each  subject , 

will  QOl  id  back  a-  far  as  they  actually 

en  them. 

ble  XTV  indicate  direct  correlations  between 

md  tl.'  acute  vi-i<>n.    The  correla- 
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Table  XIV. — Visual  Acuity  Correlated  With: 
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tt          it 

left 
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29 

tions  are  higher  for  near  than  for  distant  vision.  Omitting  the  test 
with  the  diamond  type,  which  is  clearly  less  reliable  than  the  Galton 
test,  the  figures  for  near  vision  vary  from  16  to  31  percent  of  displace- 
ment, and  from  +.62  to  +.74  in  the  Pearson  coefficient.  Two  com- 
parisons were  made  in  each  case,  one  between  acuity  and  the  hori- 
zontal diameter  of  the  distinct  visual  field,  and  one  between  acuity 
and  the  area  of  this  field.  The  correlations  are  in  the  main  higher 
when  the  comparison  is  made  with  the  horizontal  diameter  instead 
of  the  area,  and  I  am  inclined  to  think  that  the  diameter  is  the  better 
basis  of  comparison.  The  objects  in  our  environment  are  distributed 
chiefly  on  the  surface  of  the  earth,  hence  the  horizontal  range  is  the 
one  most  used.  For  this  reason  one  would  naturally  expect  it  to  be 
more  closely  related  to  keenness  of  vision  than  to  the  area  as  a  whole. 
In  some  animals,  as  the  horse  and  the  cow,  the  fovea,  as  far  as  one  can 
be  made  out,  consists  of  a  long  horizontal  band.1  This  makes,  in 
their  case  at  least,  the  size  proportional  to  the  horizontal  extension. 
The  correlations  made  with  the  data  obtained  from  the  diamond 
type  test  are  lower  than  those  made  with  the  data  from  the  Galton 
test.  This  is  very  likely  owing  to  the  fact  that  the  test  is  less  accurate. 
If  this  is  the  explanation  it  suggests  that  if  still  more  perfect  measure- 
ments were  compared  than  were  used  here,  still  higher  correlations 
would  be  obtained.     Defects  seldom  influence  different  determina- 

1  James  Rollin  Slonaker,  'A  Comparative  Study  of  the  Area  of  Acute  Vision 
in  Vertebrates,'  Journal  0}  Morphology,  Vol.   13,  pp.  475-476. 
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tions  in  the  same  direction  and  so  decrease  the  normal  correlations. 
It  was  our  aim  to  exclude  eyes  whose  defects  would  be  likely  to  distort 
the  results,  but  in  this  we  are  not  entirely  successful. 

The  correlations  between  visual  acuity  for  distant  vision  and 
the  size  of  the  field  of  acute  vision  are  smaller  than  those  for  near 
vision.  The  discrepancy  is.  no  doubt,  owing  to  the  fact  that  slight 
defects  in  accommodation  and  refraction  make  themselves  felt  more 
in  distant  than  in  near  vision.  The  percent  of  displacement  between 
near  and  distant  vision  is  27.  indicating  only  a  medium  degree  of 
correlation.  Measurements  of  the  same  trait  are  compared  here, 
but  the  measurements  were  obtained  under  different  conditions  so 
that  factors  operative  under  one  were  not  operative  under  the  other. 

The  fact  that  here  is  a  correlation  between  visual  acuity  and  the 
size  of  the  acute  area  would  suggest  that  both  may  be  a  function  of 
accommodation  and  refraction.  If  this  is  true  it  is  so  to  only  a  slight 
extent,  because  a  person  with  a  defective  mechanism  for  focusing 
the  light  Ls  but  little  more  likely  to  have  a  small  field  than  a  person 
without  known  defects.  I  had  no  exact  means  of  ascertaining  amount 
of  defect,  but  from  making  various  measurements  on  each  subject,  I 
learned  quite  accurately  the  condition  of  all  the  eyes.  Arranging 
them  then  in  the  order  of  their  amount  of  defect,  and  comparing 
this  order  with  that  of  the  ascertained  fields  of  acute  vision,  I  obtained 
a  displacement  of  38  percent.  This  leaves  a  part  of  the  correlations 
still  to  be  accounted  for.  This  may  be  done  by  assuming  that  both 
traits  are  in  part  functions  of  the  quality  of  the  retina.  A  fovea  that 
is  keen  is  as  a  rule  also  larger  than  one  that  is  less  keen.  The  quality 
and  the  amount  of  the  elements  for  acute  vision  go  together. 

/,'<  ading. 

One  of  the  primary  objects  of  this  investigation  was  to  relate 
the  facts  of  vision  brought  to  light  to  the  psychology  of  reading. 
This  field  has  been  cultivated  ively  ever  since  the  researches 

of  Cattell1  on  the  •  lenta]  side  and  those  <>f  (!rashey2on  the  patho- 

logical ived  tli'-  way.      In  the  last  decade  activity  in  its  culti- 

vation has  been  renewed  by  the  work  of  Krdmann  and  Dodge.3  Hut 
up  to  the  present  time  the  reading  process  has  not,  as  far  as  I  am 
aware,  be<  to  the  phenomena  of  vision. 

On  the  side  of  r>  kding  rate  and  the  number  of  read. 

1   Various  articles  ill  Wuncl'  •  .  in  Brain  and  in  Mind. 

They  will  b*  more  defini' 

XVI.  p   '.S4tf- 

•  f'tycholot  iteritvhun%en  ut>er  tLn  Lesen  au;  >n>ntrllcr  <irund- 

lage.  Halle,  i 
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ing  pauses  per  line  were  determined.  The  reading  rate  was  deter- 
mined by  means  of  ten  different  selections.  These  consisted  of  three 
selections  from  Robinson  Crusoe,  numbers  2,  13,  and  22  of  Professor 
Edward  L.  Thorndike's  assortment,  averaging  219  words  each;  three 
poetical  selections  consisting  of  The  Track-Walker  by  William  H. 
Woods,  the  first  four  stanzas  of  Evolution  by  Langdon  Smith,  and 
lines  39  to  62,  Part  I,  of  Longfellow's  Evangeline,  averaging  240  words 
each;  three  selections  from  educational  literature  consisting  of  two 
passages  from  an  educational  journal  and  paragraph  4,  chapter  3,  of 
Bagley's  Educative  Process,  averaging  249  words  each;  and  the  first 
five  and  one-half  pages,  1280  words,  of  George  Herbert  Palmer's 
lecture,  The  Glory  of  the  Imperfect.1  In  all,  these  passages  contained 
3405  words.  Different  types  of  material  were  selected  so  as  to  get  a 
more  complete  measure  of  each  person. 

The  material  is  indicated  in  detail  so  that  it  may  be  used  by  others 
in  similar  experiments.  With  the  exception  of  the  passages  from  an 
educational  journal,  all  are  available.  The  selections  from  Robinson 
Crusoe  may  be  had  from  Professor  Thorndike  of  Teachers  College. 
Evolution  is  printed  in  the  Scrap  Book  for  April,  1906,  and  The  Track- 
Walker  appeared  in  the  Youths'  Companion  during  the  school  year  of 
1899  to  1900.  The  location  of  the  passages  from  Longfellow,  from 
Palmer  and  from  Bagley  are  indicated  above. 

For  experiments  in  reading,  as  for  experiments  in  vision,  we  are 
in  need  of  standards.  It  is  now  quite  impossible,  except  in  a  rough 
way,  to  compare  the  work  of  one  investigator  with  that  of  another. 
Romanes,2  Quantz3  and  Huey4  do  not  even  mention  the  book  or  pas- 
sages they  used  in  determining  reading  rate. 

Only  the  normal  silent  reading  rate  was  determined.  During 
the  test  the  subject  was  comfortably  seated  in  an  office  chair  and  he 
was  requested  to  read  silently  for  the  thought  as  he  would  when  read- 
ing by  himself.  He  was  told  to  be  ready  to  repeat  the  thought  in  his 
own  words,  and  this  was  frequently  requested.  The  subject  gave 
a  signal  when  he  was  ready,  and  began  reading  on  the  snap  of  the 
stop-watch.  At  the  conclusion  he  gave  a  signal  with  the  hand  by 
which  the  operator  stopped  the  watch.  Time  was  recorded  in 
seconds  and  tenths  of  seconds. 

1  Published  by  T.  Y.  Crowell  &  Co.,  New  York  and  Boston. 

2  G.  J.  Romanes,  Mental  Evolution  in  Animals,  p.  126. 

3  J.  O.  Quantz,  '  Problems  in  the  Psychology  of  Reading,'  Psychological 
Review,  Mon.  Sup.  Vol.  II. 

4  E.  B.  Huey,  '  Psychology  and  Physiology  of  Reading,'  American  Journal 
of  Psychology,  Vol.  12,  p.  295. 
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It  was  the  intention  to  have  each  subject  read  the  passages  twice, 
but  circumstances  permitted  this  in  only  thirteen  of  the  twenty-two 
cases.  The  second  reading  was  done  in  the  same  manner  as  the  first 
and  the  two  were  from  three  to  ten  weeks  apart. 

The  results  are  given  in  Table  XV.  The  numbers  represent 
words  read  per  second.  The  subjects  are  arranged  in  the  order  of 
their  reading  rate  as  determined  by  the  first  reading.  The  slowest 
reader.  P.  L..  was  the  Chinese  student  mentioned  before.  He  has 
been  in  this  count ry  only  two  years  and  has  not  yet  acquired  a  ready 
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by  Quantz,1  by  Huey,2  and  by  Dearborn.3  The  variation  in  rate  is 
nearly  as  3-1.  This  is  just  about  the  variation  indicated  by  the  figures 
of  Huey  and  of  Dearborn.     Romanes4  found  a  variation  of  4-1. 

The  question  is  sometimes  raised  whether  a  person  who  is  a  rapid 
reader  hi  one  kind  of  material  is  also  rapid  in  a  different  kind.  So 
far  as  the  material  used  illustrates  different  kinds  of  reading  matter, 
the  question  is  answered  in  the  affirmative.  A  similar  conclusion  was 
reached  by  Dearborn.5  Compared  with  the  rank  determined  by  the 
average  for  the  total,  the  percentages  of  displacement  vary  from  6.6 
for  'education'  and  11  for  'poetry.'  When  the  passages  from  'Rob- 
inson Crusoe'  are  taken  as  the  standard,  the  displacements  are  12 
percent,  12.3  percent  and  13.8  percent  respectively  for  'Palmer,' 
'education,'  and  'poetry.'  The  Pearson  coefficients  are  .92,  .90, 
and  .94.  Poetry  shows  the  greatest  percent  of  displacement  in  each 
case,  indicating  the  lowest  correlation,  but  its  Pearson  coefficient 
indicates  a  slightly  higher  correlation  with  'Robinson  Crusoe'  than 
those  of  either  of  the  remaining  two  prose  selections  indicate.  But 
the  differences  in  each  case  are  too  small  to  deserve  more  than  passing 
notice. 

With  the  exception  of  an  occasional  passage,  the  second  reading 
was  uniformly  faster  than  the  first,  but  otherwise  it  tallies  well  with 
it,  except  in  one  case.  Considering  twelve  subjects  that  read  twice, 
E.  W.  moved  from  median  in  the  first  reading  to  second  place  in  the 
second  reading.  This  seems  to  have  been  owing  to  different  physical 
condition.  The  subject  was  fatigued  and  languid  during  the  first 
reading,  while  she  was  tense  and  nervous  during  the  second.  Bu  t 
even  with  this  record  the  percent  of  displacement  is  only  1 1 ;  without 
it,  it  is  5.5.  This  shows  a  high  degree  of  correlation  and  indicates 
that  the  order  as  determined  by  the  first  reading  is  highly  reliable. 

It  is  interesting  to  compare  the  gain  of  the  rapid  readers  with 
that  of  the  slow.  The  maxim  that  to  him  that  hath  shall  be  given 
seems  to  hold.  The  three  fastest  readers  read  on  the  average  of  1.9 
words  more  per  second  in  the  second  reading  than  in  the  first,  while 
the  three  slowest  read  on  the  average  only  .53  of  a  word  more.  The 
respective  percents  of  increase  are  26  and  13,  showing  even  the  rela- 
tive gain  of  the  fast  readers  to  have  been  greater.     As  it  is  very  proba- 


1  hoc.  cit.,  p.  12. 

2  hoc.  cit.,  p.  296. 

3  Walter  Fenno  Dearborn,  The  Psychology  0}  Reading,  this  series,  Vol.  1, 
No.  4,  p.  117. 

*  Loc.  cit. 

6  Op.  Cit.,  pp.  1 1 7-1 18. 
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bly  harder  to  improve  from  13  percent  to  26  percent  than  from  zero 
to  13  percent,  the  gain  of  the  rapid  readers  is  more  than  twice  as  great. 

Before  considering  the  correlations  of  reading  with  the  phenomena 
of  vision,  the  subject  of  reading  pauses  must  be  briefly  considered. 
It  is  now  well  established  that  in  reading,  the  eyes  do  Dot  move  with 
uniform  speed  across  the  page,  but  do  so  with  successive  stops  and 
jerks.  The  first  to  observe  this  were  Lamare  and  Javal.1  They 
studied  the  movements  by  means  of  a  microphone  attachment  to  the 
upper  eyelid.  The  sounds  they  magnified  were  produced  by  the  eye 
moving  against  the  lid.  Since  then  the  subject  has  been  studied 
by  Landolt.3  Erdmann  and  Dodge.3  Huey4  and  Dearborn.0  Landolt 
had  his  subjects  read  slowly  and  observed  their  eyes  directly.  Erd- 
mann and  Dodge  observed  the  reflection  of  the  eyes  in  a  mirror,  a 
method  I  also  used  and  that  will  be  described  later.  Huey  fastened 
a  light  plaster  of  Paris  cup  and  aluminum  pointer  (Delabarre  Eye- 
cup)  to  the  reader's  eye  and  by  means  of  it  secured  a  permanent 
record  on  the  smoked  drum  of  a  kymograph. 

Dearborn  obtained  his  record  by  means  of  the  Dodge  falling- 
plate  camera.  It  was  by  means  of  this  instrument  also  that  I  ob- 
tained the  record  of  the  number  of  reading  pauses  per  line.6  The 
instrument  records  the  reflection  of  a  beam  of  light  from  the  cornea 
on  a  slowly  and  evenly  falling  sensitive  plate.  The  head  of  the  reader 
is  firmly  supported  by  means  of  a  head-rest  and  mouthpiece,  so  that 
head  movements  are  eliminated  as  far  as  possible.  In  reading  then 
the  only  prominent  movements  come  from  the  eyes,  and  as  they  change 
their  position  the  reflected  beam  of  light  suffers  corresponding  changes 
which  are  recorded  on  the  falling  plate.  A  permanent  record  is  thus 
made  of  all  movements  and  pauses  which  may  in  most  cases  be  readily 
mted  on  the  developed  plate  without  other  aid. 

Jndd,  IfcAllk  9l  tead  of  photographing  a  beam 

of  light  reflected  from  the  <  i  kinetoscopic  pictures  directly 

•  nale  (TOculutiqu.     i  me  I. XXXII.  p 

tfktkalmologie,  II.  1891,  p]  95. 
I  ilogiich- 

'    I  ,,-.  ricat  I  \.  XI  and  XII. 

»  7  I  the  literature,  which  will 

be  attempted  here,  th<  Huey  and  t<>  Dearborn. 

•  The  ■■■  Dearborn,  to  the  third 

cha:                        tody  tbi  ned  foi  <uis  rod   1  full  description. 

Th«-  iitor,  Profcwoi  Raymond  Da 

in  the  /                                 V"!   VIII,  pp.  i  and  in  :i  11              n1  form 
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of  the  eye  marked  near  the  pupil  with  a  flake  of  Chinese  white.1 
Against  the  method  here  employed  they  offer  a  criticism.  They 
maintain  that,  as  the  cornea  is  not  flat,  it  is  too  imperfect  a  reflector 
to  make  the  records  reliable.  The  movements  recorded  are  said  not 
to  correspond  in  amount  to  those  that  the  eye  makes.  Professor 
Dodge  on  the  other  hand  has  comparable  records,  as  yet  unpublished, 
taken  by  both  methods  which  go  to  show  that  the  criticism  is  much 
exaggerated,  if  not  entirely  invalid.  At  any  rate,  the  criticism,  even 
if  true,  would  not  affect  my  results.  The  only  data  I  used  are  the 
number  of  pauses  per  line,  the  faithful  record  of  which  is  not  ques- 
tioned. 

In  addition  to  getting  records  with  a  camera,  I  got  some  by 
means  of  a  mirror,  the  method  used  by  Erdmann  and  Dodge.2  In 
the  application  of  this  method  the  reader  and  the  experimenter  are 
seated  on  opposite  sides  of  a  narrow  table.  The  reading  matter  is  laid 
flat  upon  the  table  and  beside  it  is  placed  a  mirror.  The  reader  takes 
a  comfortable  position,  supporting  his  head  with  both  hands  so  as  to 
minimize  head  movements.  The  operator  gets  a  good  reflection  of 
the  reader's  eyes  in  the  mirror  and  after  some  practise  can  readily 
observe,  count  and  record  all  movements.  At  first  the  task  of  catch- 
ing all  the  movements  seems  hopeless,  but  practise  will  soon  give  one 
confidence  in  his  count.  It  is  easier  to  observe  the  movements  than 
the  pauses,  but  when  one  does  this  he  should  remember,  when  coup- 
ling his  results,  that  there  is  always  one  more  pause  per  line  than 
there  are  movements. 

In  four  cases  the  mirror  records  duplicate  the  photographic 
records,  and  in  two  they  stand  alone. 

A  glance  at  Table  XVI  shows  that  the  results  obtained  by  the 
two  methods  are  in  close  agreement,  indicating  that  the  mirror  method 
is  accurate  enough  for  most  purposes  when  one  wants  to  obtain  only 
the  number  of  pauses  per  line.  The  discrepancy  is  largest  in  the 
records  of  subject  H.  R.  She  is  quite  a  rapid  reader  but  makes  many 
eye  movements  per  line,  most  of  which  are  small  and  so  hard  to  count. 

The  passages  read  in  this  connection  were  taken  from  Palmer's 
lecture  on  The  Glory  of  the  Imperfect  and  from  the  educational  jour- 
nal referred  to  above.  They  were  placed  approximately  30  cm.  from 
the  eye,  the  distance  used  in  mapping  the  field  of  vision.  The  same 
lines  were  not  always  read  by  the  different  subjects.  Skipping  about 
was  necessary  because,  after  several  trials  with  the  same  passage,  it 
became  too  familiar  to  give  trustworthy  results.     A  comparison  of 

1  Psychological  Review,  Monograph  Supplement,  Vol.  VII,  No.  i. 

2  Op.  Cit.,  pp.  46-47. 
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Table  XVI. 
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the  records  from  the  same  subject  showed,  however,  that  the  number 
of  pauses  per  line  did  not  materially  vary  in  different  selections  from 
the  same  article. 

The  lines  in  '  Palmer '  are  80  mm.  long  and  average  9  words  per 
line,  while  those  in  'education'  are  125.5  mm.  long  and  average  14 
words  per  line.  In  the  average  number  of  words  read  per  fixation, 
the  subjects  varied  from  1.2  to  2.5  in  'Palmer'  and  from  1.4  to  3.2 
in  'education.'  The  averse  number  of  words  read  per  fixation 
was  1.6  for  'Palmer'  and  1.7  for  'education.'  The  average  extent  of 
the  visual  field  covered  per  fixation  varied  from  11  mm.  in  the  slowest 
reader  to  31  mm.  in  the  In  all  of   these  subjects  the  horizon- 

tal extent  of  the  field  within  which  they  could  still  distinguish  the  n 
and  the  u  90  per  cent  of  the  time  varied  from  40  to  71  mm.,  or  from 
~  to  12.5  degrees.  It  was  40  mm.  in  the  slowest  reader  and  43  mm. 
in  the  fastest.  This  indicates  that  probably  not  even  the  most  rapid 
reader  ever  made  use  of  the  entire  extent  of  his  visual  field  available 
for  seeing  words.  There  is  consequently  no  time  l<>st  in  reading, 
way  the  words  are  Arranged  on  the  page.  With  print 
of  ordinar.  can  take  in  the  material  faster  than  the  mind  is 

able  to  a.H.sirnilafe  it.  and  then-  i~  no  call  for  methods  of  arranging  the 
word-  n  that  more  can  lx-  crowded  simultaneously  into  the  field  of 
on.1 


1  U  Cattcll,  I'hxi  stwl ,  Vol   III.  p.  125- 
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The  correlations  with  reading  rate  are  given  in  Table  XVII. 
The  only  pronounced  correlation  is  found  inversely  with  the  number 
of  reading  pauses.    The  rapid  readers  make  quite  uniformly  fewer 

Table  XVII. — Correlations  with  Reading  Rate,  Etc. 
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33 
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pauses  than  the  slow  readers.  The  correlation  is  so  high  that  a  vital 
connection  between  the  two  phenomena  cannot  be  doubted.  In 
twelve  cases  the  percentage  of  displacement  is  16  and  the  Pearson 
coefficient  +.81. 

Dearborn  did  not  work  out  any  coefficients  of  correlation  between 
reading  rate  and  reading  pauses  and  his  data  are  not  so  given  that 
it  is  possible  for  us  to  do  so,  but  he  reaches  substantially  the  same 
conclusion  as  I  do.1  He  says  (p.  122):  "A  wider  'spanning'  of  atten- 
tion— as  denoted  both  by  the  greater  frequency  of  long  pauses  at 
the  beginning  of  the  line  and  by  fewer  fixations  per  line — is  charac- 
teristic of  the  more  rapid  readers.  The  slow  readers  have  a  narrower 
span,  or  working  extent  of  attention,  and  a  greater  total  arc  of  move- 
ment." 

The  Pearson  coefficient  of  correlation  between  the  horizontal 
extent  of  acute  vision  and  reading  rate  is  — .06  and  the  percent  of 
displacement  56.  Correlated  inversely  with  the  number  of  reading 
pauses  the  corresponding  figures  are  — .10  and  42  percent.  The  fact 
that  there  is  no  correlation  between  these  phenomena  came  some- 
what as  a  surprise.  One  would  think  that  a  larger  area  would  enable 
a  person  to  see  distinctly  a  larger  portion  of  a  line  and  so  allow  him 
to    make    fewer    fixations    and    read    more    rapidly.     But    such    is 

1  Op.  Cit.,  Chapter  XIII. 
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evidently  not  the  case.  Visual  perception  seems  to  be  in  a  large 
measure  independent  of  the  quality  of  the  eyes.  The  percent  of 
displacement  between  reading  rate  and  visual  acuity  is  35.  Arrang- 
ing the  eyes  again  in  their  order  of  freedom  from  defect,  the  per- 
centage of  displacement  with  reading  rate  is  45. 

The  coefficients  of  correlation  of  other  tests  of  visual  perception 
show  a  similar  independence  of  the  quality  of  the  eyes,  as  well  as  a 
lack  of  correlation  among  themselves. 

The  "A"  test  consists  of  marking  as  rapidly  as  possible  one  hun- 
dred A's  distributed  by  chance  among  four  hundred  other  capital 
letters.  The  time  is  taken  with  a  stop-watch.  It  is  supposed  that 
the  test  measures  rate  of  perception.  Most  of  the  subjects  marked 
the  sheet  four  different  times,  but  with  five  circumstances  permitted 
it  to  be  done  only  once. 

The  results,  which  are  summarized  in  Table  XVIII,  are  given 
in  two  columns.     In  the  first  column  is  given  the  average  time  in  sec- 

Table  XVIII.— 'A'  Test. 
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51 
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onds  the  subject  took  to  see  and  mark  one  A,  while  in  the  second  col- 
umn is  given  the  time  with  the  marking  or  motor  time  subtracted. 
In  connection  with  the  A  test  each  subject  marked  as  rapidly  as  pos- 
sible one  hundred  dots  in  a  .similar  manner  as  he  marked  the  A's,  the 
time  thus  consumed  was  taken  to  be  the  subject's  motor  time,  and 
was  subtracted  from  the  results  as  given  in  the  first  column.     Both 
results  are  given  because  it  is  not  dear  that  this  time  should  be  sub- 
traetc  i-     The  time  it  lakes  to  mark  the  A's  is  not  all  lost  from  per- 
son; in  fact,  only  a  small  fraction  of  it  can  be  regarded  as  lost. 
A  f*.Tson  does  not  not  look  at  the  A  till  he  has  marked  it.     As  soon  as 
.mixed,  the  eye  pa.-ses  OO  to  look  for  another  while 
hand  in  a  semi-automatic  way  marks  it.     Furthermore,  the  eye 
seldom,  if  ever,  ha.s  to  wait  for  the  hand  to  catch  up.     It  is  kept  con- 
tinuously busy  looking  for  lettei 

<•  correlation  between  the  horizontal  extent  of  acute  vision 
12  percenl  of  displacement  when  the  motor  time  is 
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not  subtracted,  and  50  percent  when  it  is.  This  indicates  very  little 
correlation,  if  any.  One  might  again  have  supposed  that  a  larger 
area  would  be  of  assistance  in  finding  the  letters,  but  it  apparently 
is   not. 

When  the  rank  in  reading  rate  is  compared  with  that  in  the  A 
test,  the  displacement  is  33  per  cent;  or,  when  the  motor  time  is  sub- 
tracted, 40  per  cent.  The  Pearson  coefficient  in  the  second  instance 
is  +.36.  This  indicates  some  correlation  but  not  a  great  amount. 
Quantz1  found  a  higher  correlation  between  reading  rate  and  per- 
ceptive power.  He  represents  the  correlation  diagrammatically  and 
does  not  give  a  numeral  coefficient,  but  the  meager  data  he  sup- 
plies give  a  Pearson  coefficient  of  +.88. 

The  discrepancy  between  his  conclusion  and  mine  no  doubt  re- 
sults from  the  different  measures  of  perception  used.  Perception  is 
too  complex  a  process  to  be  adequately  measured  by  the  A  test. 
Quantz  measured  it  by  means  of  geometrical  figures,  colors,  isolated 
words,  and  sentences.  These  were  exposed  for  a  short  time  ($"  and 
1"),  and  "the  subject  was  required  to  name  aloud,  in  order,  and  as 

rapidly  as  possible as  many  as  he  was  able  to  see  while  the 

card  was  exposed"  (p.  2).  The  card  was  shown  until  everything  on 
it  was  read,  the  subject  beginning  to  read  at  each  exposure  where  he 
had  ended  in  the  preceding.  It  is  at  once  apparent  that  these  tests 
were  far  more  analogous  to  the  reading  process  than  the  A  test.  In 
fact,  the  tests  with  the  words  and  the  sentences  were  essentially  read- 
ing, and  the  forms  and  colors  were  perceived  much  as  words  are  per- 
ceived in  reading.  Instead  of  saying  that  these  tests  show  a  correla- 
tion between  visual  perception  and  reading,  one  is  tempted  to  say 
that  they  show  little  more  than  a  correlation  between  tachistoscopic 
and  ordinary  reading. 

Quantz  draws  the  conclusion  also  that  these  tests  show  that  the 
reading  process  depends  largely  on  physiological  influences  because 
he  assumes  that  perception  is  largely  a  physiological  function  (p.  50). 
This  is  far  from  clear,  for  such  a  conclusion  can  no  more  be  drawn  from 
the  tests  used  than  from  the  reading  process  directly. 

Another  test  that  was  made  and  correlated  with  the  horizontal 
extent  of  acute  vision  and  with  reading  rate  was  the  number  of  small 
vertical  lines  that  could  be  seen  simultaneously  during  an  exposure 
time  of  50  sigma.  The  lines  consisted  of  the  capital  letter  I  printed 
on  cards  with  a  Fay-Sholes  typewriter.  They  were  approximately 
2.5  mm.  apart. 

A  similar  test  was  made  by  Cattell  for  the  purpose  of  measuring 

1  Psych.  Review,  Monograph  Supplement,  No.  V,  pp.  16-17. 
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the  grasp  of  consciousness.1  As  lines  he  used  also  the  capital  letter  I 
printed  with  a  typewriter.  These  lines  he  arranged  from  four  to  fif- 
teen per  card  on  twelve  cards,  and  exposed  them  in  chance  order  by 
means  of  the  fall-chronometer.  Results  were  obtained  from  eight 
subjects.  A  series  consisted  of  sixty  exposures,  or  five  for  each  card, 
except  that  with  two  subjects  twenty-five  exposures  of  each  card  were 
made.  The  number  of  lines  seen  correctly  every  time  varied  with 
the  different  subjects  from  three  to  six,  remaining,  however,  constant 
for  each.  Practise  seemed  to  have  no  influence  on  the  precision  of 
the  judgments. 

From  3  to  11  lines  per  card  were  used  in  my  experiments,  and 
each  was  exposed  ten  times  for  seven  subjects  and  fifteen  times  for 
three,  except  for  J.  S.,  whose  case  will  be  considered  separately.  The 
exposures  were  made  with  the  fall-chronometer.  A  glance  at  Table 
XIX  shows  that  from  4  to  7  lines  were  always  judged  correctly.  This 
is  one  more  than  was  seen  by  Cattell*s  subjects.  The  difference  may 
be  owing  to  the  longer  exposure  time  used  or  to  a  difference  in  the  sub- 
jects. The  exact  limit  for  each  subject  is  not  readily  established. 
F.  EL,  for  example,  made  but  one  error  on  eight  lines  and  two  on  nine. 
He  has  had  much  practise  with  tachistoscopic  experiments,  which 
may  in  part  account  for  his  large  span  in  this  respect.  The  precision 
of  the  judgments  did  not  improve  with  practise,  except  for  one  sub- 
ject, G.  S.  In  the  first  five  series  the  limit  of  the  number  of  lines  he 
always  saw  correctly  was  four,  and  in  the  second  five  series  it  was  six. 
He  was  conscious  of  this  improvement,  having  learned  to  see  the  lines 
in  groups. 

The  last  two  sections  of  records  in  Table  XIX  come  from  J.  S., 
the  person  with  the  constricted  acute  field.  The  first  one  of  these 
records  was  made  in  the  same  manner  as  those  of  the  other  subjects, 
while  in  the  second  the  lines  were  5  mm.  apart  instead  of  2.5  mm.  As 
is  seen  from  the  table,  when  the  lines  were  2.5  mm.  apart  he  always 
saw  seven  correctly,  but  beyond  eight  they  looked  alike  to  him.  Seven 
lines  occupied  a  space  15  mm.  long,  which  is  the  extent  of  the  field 
within  which  he  could  distinguish  the  n  and  the  u  75  percent  of  the 
time.  Outside  of  this  limit  the  lines  looked  faint  to  him,  he  said. 
Wht  lines  were  5  mm.  apart,  he  always  saw  four  correctly,  while 

>nd  that  number  they  looked  alike  to  him.     Four  lines  again  oc- 
•  ■  of  ]'>  mm.,  the  horizontal  extent  of  his  field  of  vision 

the  distance  used.     This  corroborates  the  restricted  nature  of  his 
field. 

The  objection  m  i  that   it  is  harder  to  see  the  lines 

'   I'kd.  Stwl ,  Vol    III,  pp.  I-M-H5- 
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Table  XIX.— Lines  Seen. 
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when  5  mm.  apart  than  when  2.5  mm.  apart,  and  that  for  this  reason  he 
could  see  only  four  in  the  second  test.  This  objection  does  not  hold. 
Two  subjects  with  normal  fields  found  the  lines  easier  to  see  when  5 
mm.  apart  than  when  2.5  mm.  apart.  H.  R.,  whose  limit  was  five 
lines  when  they  were  close  together,  never  missed  six  when  they  were 
5  mm.  apart,  and  the  writer,  whose  limit  as  given  in  the  table  is  six 
lines,  never  missed  ten  lines  in  the  second  test.  Ten  series  were  ex- 
posed and  the  number  of  lines  per  card  varied  from  three  to  thirteen. 
When  the  lines  were  farther  apart  they  seemed  less  crowded  and  so 
their  number  was  easier  to  judge. 
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In  Table  XIX  the  first  column  for  each  subject  gives  the  number 
of  times  the  lines  were  judged  correctly  and  the  number  of  times 
they  were  judged  wrongly.  The  second  column  gives  the  average  of 
the  number  of  lines  judged  to  be  on  a  card,  and  the  third  column 
gives  the  average  error. 

Two  correlations  were  made,  one  with  the  horizontal  extent  of 
distinct  vision  and  one  with  reading  rate.  With  the  former  the  per- 
cent of  displacement  is  33  and  the  Pearson  coefficient  +.13.  This  in- 
dicates some  correlation,  but  apparently  it  makes  little  difference 
in  seeing  a  number  of  lines  if  one  has  a  large  or  a  small  field  of  distinct 
vision.  The  matter  seems,  in  the  main,  to  be  one  of  perception  or 
mental  grasp  and  is  central.  Between  reading  rate  and  the  number 
of  lines  seen  there  appears  to  be  an  antagonism.  The  percent  of  dis- 
placement, as  figured  here,  is  73.  I  took  the  number  of  lines  seen 
correctly  at  least  nine  times  out  of  ten  as  a  person's  measure.  If 
the  number  of  lines  always  seen  correctly  is  taken  as  a  person's  meas- 
ure, the  displacement  with  reading  rate  becomes  84  percent. 

When  it  became  evident  that  there  would  be  no  significant  cor- 
relations with  reading  rate  and  the  various  phenomena  of  vision,  a 
test  in  controlled  association  time  was  arranged,  the  results  of  which 
were  compared  with  reading.  The  test  consisted  of  five  lists  of  twenty 
words  each,  one  of  which  called  for  opposites,  one  for  synonyms,  one 
for  genus  or  higher  class,  one  for  profession  or  calling,  and  one  for 
geographical  location.  In  doing  the  test  the  subject  uncovered  one 
word  at  a  time,  giving  the  item  called  for  before  uncovering  the  next 
rd.  The  operator  took  the  time  with  a  stop-watch  that  was  neces- 
sary to  complete  each  list. 

The  order  the  subjects  obtained  from  the  average  of  all  the  lists 
was  compared  with  the  order  for  reading  rate.  The  correlation,  51 
percent  of  displacement,  is  as  close  to  no  correlation  as  one  could  ex- 
pect. (  l<arly  reading  is  not  analogous  to  controlled  association; 
and  if  reading  rate  indicates  one  kind  of  mental  quickness,  controlled 
association  time  indi<  .other  kind  that  is  unrelated  to  it.     Psy- 

illy  the  two  processes  are,  of  course,  quite  different.  In 
reading  the  symbol  -ecu,  as  a  rule,  does  nothing  more  than  reinstate 
in  I  J  and  Schematic  way  the  meaning  that    has  become  con- 

nected with  it,  while  in  controlled  association  a  very  sjM'cific  meaning 
has  to  h  I  then  a  suitable  symbol  standing  for  this  mean- 

arid  enunciated  or  written. 

of  controlled  association  used  do  not 

'•    highly    among    tht  ["he   smallest    |»ercent    of   dis- 

the  'genu.-,'  and  the  '  pi  ,  which  is 
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22  per  cent.  When  the  results  of  the  'synonym/  'genus,'  'profession/ 
and  'geographical'  tests  are  compared  with  the  results  of  the  'oppo- 
sites'  test,  the  percents  of  displacement  are  respectively  29,  33,  40, 
and  38.  The  percents  of  displacement  with  reading  rate  of  the  results 
of  the  'opposites'  test  is  56;  'synonym,'  56;  'genus,'  45;  'profession/ 
45;  'geographical/  45. 

The  above  comparisons  make  it  evident  that  there  is  litle  or  no 
correlation  between  reading  rate  and  the  physiological  phenomena 
of  vision.  This  is  true  at  least  in  eyes  that  are  not  abnormally  de- 
fective. A  person  that  is  nearly  blind  would,  of  course,  have  his 
reading  interfered  with,  but  the  variations  that  exist  in  the  eyes  of 
the  large  majority  of  readers  are  approximately  without  influence  on 
the  reading  process.  If  this  conclusion  is  correct,  the  essential  fac- 
tors that  determine  reading  must  be  looked  upon  as  central  rather  than 
peripheral.  It  is  not  a  matter  of  getting  the  material  to  the  brain, 
but  of  assimilating  it  after  it  gets  there.  There  is,  however,  one  fact 
that  is  at  variance  with  this  conclusion.  This  is  the  correlation  be- 
tween the  number  of  reading  pauses  and  reading  rate.  A  smaller  num- 
ber of  fixations  per  line  means  that  more  is  seen  per  fixation,  for  during 
the  movement  of  the  eye  from  one  fixation  to  another  nothing  is  seen.1 
Apparently,  at  least,  the  amount  so  seen  is  a  function  of  the  eye. 
But  this  may  just  as  well  be  a  function  of  assimilation.  One  person 
can  take  it  more  at  a  glance  than  another  because  he  assimilates  faster. 
That  is,  one  person  makes  fewer  reading  pauses  than  another  because 
he  is  a  more  rapid  reader,  rather  than  vice  versa.  This  assumption 
is  in  harmony  with  the  facts  brought  to  light  by  this  study,  and  also 
with  the  data  obtained  by  Dearborn.  Dearborn  found,  for  example, 
that  "there  is  a  tendency  for  the  slow  reader  to  make  both  more  pauses 
and  longer  pauses  "    (p.  130). 

Reading  is  a  process  of  gaining  meaning  from  symbols.  Mean- 
ing applies  originally  to  objects  and  relations,  and  is  represented  in 
the  mind  by  a  much  abbreviated  and  condensed  form  of  the  expe- 
rience one  has  had  with  these  objects  and  relations.  By  experience 
is  meant  more  than  the  data  given  by  the  senses  and  the  kinesthetic 
sensations.  It  includes  emotional,  or  affective,  elements  as  well.2 
These  may  in  part  have  been  aroused  by  the  sense  data  directly  and 
they  may  in  part  have  become  merely  associated  with  them.  The 
meaning  of  'steamboat'  is  represented  in  my  mind  by  more  than 

1  Regarding  visual  perception  during  eye  movements,  see  Dodge,  Psych. 
Rev.,  Vol.  VIII,  p.  454-465,  and  Dearborn,  Op.  Cit.,  Chap.  5. 

2  Cf.  Bagley,  'The  Apperception  of  the  Spoken  Sentence',  American  Journal 
of  Psychology,  Vol.  12,  pp.  125-130. 
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fleeting  visual  and  other  sensory  and  kinesthetic  images.  Vaguely 
remembered  feelings  of  joy,  anger,  fatigue,  and  certain  moods  also 
form  a  part  of  this  meaning. 

These  meanings,  once  they  are  in  the  mind,  may  then  become 
associated  with,  or  attached,  to  objects  and  relations  that  have  not 
been  distinctly  experienced.  I  know,  for  example,  that  volcanoes 
are.  although  I  have  never  seen  any.  I  have,  of  course,  seen 
pictures  of  some,  but  my  experience  with  these  pictures  does  not  ex- 
haust my  knowledge,  or  'meaning'  of  them.  Experience  gained 
from  other  sources  (fire,  smoke,  etc.)  have  through  reading  and  other- 
wise become  recombined  in  my  mind  and  now  comprise  the  meaning 
of  volcano. 

Through  the  power  of  language  and  the  mental  functions  that 
language  implies,  man  singles  out  particular  meanings  from  his  ex- 
perience and  labels  them  with  symbols.  In  his  mental  life  and  in  his 
communication  with  his  fellows,  these  symbols  become  the  carriers 
of  meaning.  They  are  enabled  to  be  these  carriers  by  having  the 
experiences  that  comprise  the  meaning  connected  with  them.  With 
out  reinstating  in  some  degree  these  experiences  the  symbol  would 
be  meaningless.  The  same  symbol,  of  course,  becomes  associated 
with  the  same  or  a  similar  object,  and  consequently  with  similar  ex- 
periences, in  different  minds.  The  word  'steamboat'  brings  in  its  train 
certain  usually  vague  but  characteristic  mental  attributes,  which  are 
in  a  measure  common  to  different  people.  The  word,  therefore,  has 
a  common  meaning  to  these  people. 

In  reading,  a  similar  reinstatement  of  experience  takes  place  as 

in  thought  or  in  oral  communication.     The  printed  symbol  arouses 

the  meaning  that  has  through  education  and  experience  become  con- 

*ed  with  it.     It  is  in  the  rapidity  with  which  this  meaning  is  aroused 

that  we  have  to  look  for  the  cause  of  the  differences  in  reading  rate. 

This  is  the  conclusion  we  an-  forced  to  after  having  eliminated  the 

ph;.  al  qualities  pertaining  to  the  mechanism  of  vision.     We 

saw  that  neither  visual  acuity,  retinal  sensitivity  nor  the  horizontal 

of  acufc  >D   had  any  significant    correlation   with   reading 

•nat  -low  reader-  make  both  more  and  longer  reading  pauses 

a  rapid  reader 

•ill  one  other  physiological  factor  thai  has  been  ad- 
vanced as  influenciriL'  readii  This  ifl   what    Dearborn   calls  the 
■  habit'  in  reading.     In  hi-  own  words.  "A  motor  habit  is  evi- 

:   by  a  rythmical   -■  :    the  same  number  of  pauses  per  line, 

a  uniform  method  of  time  distribution.    The  latter  consists 

•    long  initial  pause  followed  by  tWO  or  more  shorter 
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ones  of  decreasing  duration.  These  may  be  followed  by  a  somewhat 
longer  pause  near  the  end  of  the  line"  (p.  128).  He  continues  in  the 
same  paragraph:  "These  motor  habits  are  most  easily  acquired  in 
the  shorter  lines  and  aid  materially  in  the  rapidity  of  reading. 
They  are,  furthermore,  one  of  the  characteristics  of  rapid   readers." 

The  experiments  and  data  upon  which  he  bases  this  conclusion 
are  indicated  in  Chapters  XII  and  XIII  of  his  study.  The  experi- 
ments indicated  in  Chapter  XII  were  done  with  two  subjects,  one  a 
rapid  and  one  a  slightly  slower  reader,  and  were  to  determine  the  in- 
fluence of  the  length  of  line  on  the  number,  length  and  distribution 
of  the  reading  pauses.  The  same  passages  were  read  both  in  short 
and  in  long  line  arrangements.  The  rapid  reader  distributed  his  pauses 
more  nearly  as  ascribed  above  than  the  slower  reader,  and  both  did 
so  more   nearly   in  the  short  than  in  the  long  line  arrangements. 

In  Chapter  XIII  some  data  on  the  rapidity  of  reading  are  pre- 
sented. In  one  phase  of  the  experiment  a  subject  read  a  passage 
first  at  his  normal  rate  and  then  at  his  maximum  rate  consistent  with 
getting  the  sense.  "There  is  a  decrease  in  the  average  duration  of 
the  pauses  in  the  second  reading,  but  this  decrease  is  not  made  equally 
in  all  parts  of  the  line.  It  occurs  chiefly  in  the  last  half  of  the  line, 
and  in  fact  not  only  is  the  time  of  the  first  fixations  not  decreased  on  the 
second  reading,  but  there  is  a  slight  increase  in  both  the  average  and  the 
total  time  spent  in  the  initial  fixations."1  So  far  as  the  text  indicates, 
this  conclusion  is  based  on  the  records  of  but  one  subject. 

The  number  of  subjects  experimented  upon  and  the  amount  of 
data  compared  are  clearly  not  large  enough  to  give  one  much  faith 
in  the  validity  of  the  conclusion.  What  was  true  of  these  subjects 
might  not  be  true  of  others. 

Furthermore,  even  if  the  conclusion  be  correct,  cause  and  effect 
may  here  be  just  the  reverse  of  what  they  are  indicated  to  be.  The 
'  motor  habits '  may  be  a  function  of  the  ease  and  rapidity  of  reading 
rather  than  the  reverse.  The  fact  that  it  is  subjectively  easier  to  read 
short  lines  than  long  ones,  and  to  read  a  passage  the  second  time, 
may  be  the  cause  of  the  greater  regularity  in  eye  movement.  What 
is  needed  here  are  experiments  with  children  whose  reading  habits 
are  still  flexible.  It  is  only  by  elaborate  experiments  with  them 
that  we  can  determine  to  what  extent,  if  at  all,  the  reading  rate  can  be 
increased  by  the  establishment  of  regular  motor  habits,  and  to  what 
extent  the  two  phenomena  are  merely  reciprocal. 

By  granting  that  by  proper  line  arrangement  in  school  readers, 
connected  with  proper  teaching,  we  can  produce  more  rapid  readers 
through  the  establishment  of  right  motor  habits,  it  is  not  claimed 

1  Op.  cit.,  p.  120.     The   italics  are   Dearborn's. 
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that  this  is  the  sole,  or  even  a  large  factor  in  determining  reading 
rate.  "The  cause  of  the  slowness  of  reading  may  doubtless  for  the 
most  part  be  central,  and  quite  apart  from  this  peculiarity."1 

But  the  fact  that  right  motor  habits  cannot  greatly  increase 
reading  rate  does  not  detract  from  their  pedagogical  value.  They 
may  still  be  the  chief  avenue  of  increasing  reading  speed.  They  are 
not  the  sole  avenue  because  mere  practise  in  reading  is  another. 
Quant z  found  a  high  correlation  between  extent  of  reading  and  reading 
rate,  but  here  the  casual  influence  can  probably  not  even  in  the  main 
be  attributed  to  extent  of  reading.  A  person  who  finds  reading  easy 
will  for  that  reason  read  more  than  one  who  finds  it  slow  and  irksome. 
Still,  all  influence  cannot  be  denied  to  practise. 

Dearborn  rightly  inveighs  against  a  'habit  of  slow  methodical 
plodding '  in  reading  that  '  varies  little  whatever  the  sort  and  importance 
of  the  reading.'2  He  attributes  this  habit  in  part  to  classical  study. 
The  classical  student  pours  over  his  Latin  and  Greek  word  by  word, 
and  unless  this  method  is  counterbalanced  in  his  general  reading,  he 
will  in  time  read  everything  slowly.  Another  source  of  this  habit 
of  plodding  is  found  in  much  of  the  material  in  our  school  readers. 
This  is  often  too  difficult  and  requires  the  pupil  to  'dig'  as  if  he 
were  studying  Latin.  Our  pupils  should  read  easier  material  and 
more  of  it.  This  would  admit  of  the  speed  tests  Dearborn  suggests, 
which  should  no  doubt  have  a  conspicuous  place  in  the  school-room. 

There  remains  open  to  the  teacher,  then,  three  avenues  in  the 
f  reading  that  lead  to  the  acquisition  of  speed,  remember- 
ing always  that  one  should  not  expect  too  much  from  them.  These 
are  (I)  material  easy  enough  bo  that  the  pupil  is  not  overwhelmed 
with  difficulties.  (2)  lines  not  more  than  75-85  nun.  in  Length  and  uni- 
form for  e  lection, ;  and  (3)  speed  tests.  The  value  of  these 
-till  to  be  investigated. 

Ell  may  then   be  taken   to  depend  chiefly  upon  the 

rapidity  with  which  meaning  La  aroused  in  the  mind  after  the  symbol 

•  •  .     I     -  in  turn  is  probably  in  the  main  dependent  upon  a  per- 

-  native  brain  inertia. 

B  me  of  the  factore,  however,  thai  comprise  the  meaning  and 
•   Ijear  a  relation  to  reading  rate  have  been  ascertained.    Since 
experimenU  <>n  mental  imagery,  it  has  become  an 
that  people  differ  in  the  imagery  most   prominent   in 

i  .i 
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their  mental  life.1  The  images  furnished  by  the  data  from  the  differ- 
ent senses,  including  the  kinesthetic  and  the  muscular  sensations, 
are  not  equally  prominent  in  the  mental  life  of  all.  While  in  most 
people  they  are  about  equally  represented,  and  none  are  entirely  ab- 
sent in  any,  still  some  people  are  predominantly  eye-minded,  ear- 
minded,  or  motor-minded.  Quant z2  determined  these  three  sensory 
types  and  correlated  them  with  reading  rate.  He  found  that  "the 
visual  type  of  readers  are  slightly  more  rapid  readers  than  the  audi- 
tory type  (p.  49)  and  that  "lip-movement  is  a  serious  hindrance  to 
speed  of  reading"  (p.  50).  Prominence  of  lip-movement  was  taken 
as  a  rough  index  of  the  motor  type.  It  cannot  be  taken  to  stand  for 
it  directly  because  it  is  not  imagery,  but  the  expression  of  imagery. 
The  prevalence  of  motor  imagery  need  not  necessarily  be  proportional 
to  it.  The  conclusion  may  be  taken  to  be  established,  however, 
that  when  meaning  is  represented  by  visual  imagery  it  is  more  quickly 
aroused  in  reading,  or  permits  more  rapid  succession,  than  when  it 
is  represented  by  auditory  or  motor  imagery.  This  need  not  neces- 
sarily mean  that  visual  imagery  is  inherently  more  rapid  than  audi- 
tory or  than  motor  imagery.  It  may  merely  have  the  advantage  in 
the  reading  process  because  it  too  is  visual.  It  may  well  be  that  in 
gaining  knowledge  through  the  ear  the  auditory  type  is  more  rapid. 

Cattell3  has  made  the  observation  that  the  rapidity  of  reading 
and  of  speaking  coincide  with  each  other  and  perhaps  also  with  the 
usual  rapidity  of  thinking.  If  my  conclusion,  that  the  rate  of  read- 
ing is  almost  entirely  determined  by  the  rapidity  of  the  central  pro- 
cesses, is  correct,  it  is  in  line  with  this  suggestion.  In  reading  we  think 
the  thoughts  of  the  book,  for  thought  is  but  a  succession  of  meanings, 
and  our  rate  of  reading  is  determined  by  the  rate  at  which  we  can 
think  these  thoughts.  When  we  think  by  ourselves,  and  think  at 
all  in  detail,  introspection  indicates  that  our  thoughts  follow  only 
about  as  rapidly  as  we  read  and  as  we  speak. 

This  would  make  reading  rate  an  index  of  a  person's  rapidity  of 
thought,  which  is  one  of  the  elements  of  its  efficiency.  Other  things 
being  equal,  a  rapid  thinker  can  accomplish  more  than  a  slow  one. 
But  this  is  not  saying  that  reading  rate  is  an  index  of  the  quality  or 
depth  of  a  man's  thinking.  Romanes,  who  found  a  variation  of  4-1 
in  reading  rate,  thought  this  had  no  connection  with  intellectual  per- 

1  Francis  Galton,  Inquiry  into  Human  Faculty,  p.  841.  See  also  Jastrow, 
'Eye-mindedness  and  Ear-mindedness,'  Popular  Science  Monthly,  Vol.  XXXIII, 

P-  597i- 

2  Op.  Cit.,  p.  i8f. 

3  Phil.  Stud.,  Vol.  II,  p.  649. 
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formance.  Eminent  men  of  letters  and  science  that  he  tested  were 
just  as  likely  to  be  slow  as  rapid  readers.  Quantz  found  some  corre- 
lation between  reading  rate  and  college  records,  which,  however,  he 
recognizes  as  not  a  true  test  of  intellectual  strength.  I  had  no  ade- 
quate way  of  grading  or  ranking  my  subjects,  nevertheless  some  posi- 
tive correlation  between  mental  efficiency  and  reading  rate  seems 
evident,  but  the  amount  is  small. 


SUMMARY  AND  CONCLUSIONS. 

1.  The  field  of  distinct  vision  has  no  clear  cut  boundary  line, 
but  shades  off  gradually  into  indistinct  vision. 

2.  The  extent  of  the  field  varies  with  the  size,  legibility  and  dis- 
tance from  the  eye  of  the  test-units. 

3.  It  appears  that  between  four  and  five  degrees  from  the  center 
of  the  fovea  there  is  a  zone  with  slightly  less  acuity  than  the  adjacent 
regions.  This  zone  probably  corresponds  to  the  slope  of  the  foveal 
depression. 

4.  Distributed  irregularly  over  the  retina  are  found  imperfections 
that  in  some  cases  amount  to  blind  spots. 

5.  The  shape  of  the  field  bounded  by  points  of  equal  distinctness 
varies  in  different  individuals  from  a  'square-oval/  about  twice  as 
long  horizontally  as  wide  vertically,  to  a  circle. 

6.  The  size  of  the  field  varies  approximately  as  2-1  in  the  hori- 
zontal diameter,  as  1.5-1  in  the  vertical  diameter,  and  as  2-1  in  area. 

7.  Data  obtained  from  members  of  the  Mongolian  race  indicate 
no  conspicuous  variation  from  the  Caucasian  race. 

8.  The  shape  or  oblongness  of  the  field  of  distinct  vision  corre- 
lates but  little,  if  any,  with  a  person's  illusion  of  the  square,  or  with  a 
person's  'golden  section.' 

9.  The  various  dimensions  of  the  distinct  field  apparently  do 
not  correlate  with  the  corresponding  dimensions  of  the  color  zones. 

10.  Between  the  size  of  the  distinct  field  and  visual  acuity  there 
is  a  positive  correlation,  which  is  higher  foi  near  than  for  far  vision. 
For  near  vision  the  percent  of  displacement  is  approximately  22  and 
the  Pearson  coefficient  +.70.  For  distinct  vision  the  corresponding 
figures  are  approximately  35  percent  and  +.45.  There  is  also  a  small 
amount  of  positive  correlation  between  the  size  of  the  field  and  retinal 
sensitivity. 

11.  There  is  little  or  no  correlation  between  the  horizontal  ex- 
tent of  distinct  vision  and  the  'A'  test,  the  number  of  lines  that  can 
be  seen  simultaneously,  reading  rate,  and  the  number  of  pauses  per 
line.  Even  a  rapid  reader  does  not  use  all  his  retinal  extent  available 
for  seeing  words. 

12.  Reading  rate  apparently  does  not  correlate  with  any  of  the 
attributes  of  vision,  but  it  correlates  highly  with  the  smallness  of  the 
number  of  reading  pauses  per  line,  having  a  percent  of  displacement 
of  13  and  a  Pearson  coefficient  of  +.81. 

13.  The  data  as  a  whole  point  to  the  conclusion  that  reading 
rate  is  in  the  main  determined  centrally,  by  the  rapidity  with  which 
meaning  is  aroused  after  the  words  are  seen. 
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